
i 51) International Patent Classification : 

■\<>1K 49/00, A01N 63/00, U)7H 21/02, 
C12N 5/00, 5/10, 5/16, 5/22, 15/00, 15/09. 
1V11. 15/16, C12P 21/02 



'W International Publication Number: 



WO OS/39035 



Al 



i <43i International Publication Date: 



(21) Internationa] Application Number: 
i201 International Filimz Date: 



>}{)'■■ Prioritv Data: 



March 



PITT US9'0)4^S7 
V.;reh P.: .0r.QG.9Si 



US 



"4) Agents: :3 AX, V...: 
House Gorocrate 
10477 1'S . 



Ho v. >o- .mo lUw,on. S;>rir.j 



(Sn Designated States: AT, CA. ;P. US. European na'-n: , AT, BH 
CM, Oh. DK. ES, Fl. FH.. CB. GR. IE, IT. LL". MC. NL 
PT, SF.i. 



,tG< Related by Continuation (CON) or Continuation-in-Part 
i (TP; to Earlier A ppii cation 

rs f30'(;^)X42 ic:p) 

J m 7 March ]'>i7 ..07.0? 



;i'> Applicant ail .iesi$r.aied Stares excepr i'Sc. THE WIST A R 
INSTITUTE OF ANATOMY 3IOL.OCY [US-USl; 3601 
Spmce Street, Philadelphia, PA 19104 (US>. 



Published 

VVY*/? international scorch report. 

Before :nc expiration of :r.c ::/}:•: limit for amculln^ the 
claims ana to be r:pubo:;ne:t ox 'r.e event of the receipt of 
amendments. 



Inventors; and 

I n v ( ' n t n r^/ - V j ? i } I \ ' J ■ i I! is 'for (JS O" 

[US/ US 7 'G23 Knox Road, Wynne wood, PA 1909ft i.US). j 
NHS 3 IT. Mark [GB/US"; $\ 336 S. S medley Street, j 
Philadelphia. PA 19103 (.US). S ATY AMOORTHY, Ka- j 
paet:u [IN/U'S]; Oar, Lock Apartment 2CS, 117 S. Chester i 
Road, Swarthinore, PA I9CS1 (US'. i 



U-4) Title: METHOD AND COMPOSITIONS FOR HEALING TISSUE DEFECTS AND INDUCING HYPEF 
MAMMALIAN TISSUE 



ASCULAIGTY IN 



(57) Abstract | 

I ^ :neLnod for repairing defect ar.J inducing vascularization in mammalian tissue, preferably skin, involves administering to the tissue , 

i a recombinant replication defective virus, preferably adenovirus, carrying a selected growth factor ger.e, o~er>r2t\y VEGF or ?DGF, under j 
j curative centre: of reuulatory secuenres which direct tne expression of the growth factcrt'si. Also provide is a method for infecting a 
j tissue to be transplanted with such recombinant adenoviruses prior to transplantation and, as a composition, 'in infected culture of human 
| tissue :o be transplanted which is infused with a selected growth factor prior to transplantation. Screening methods for the treatment :>f 
j angiogenic disorders, e.g.. hemangiomas and :ancers. also employ an animal model cn which is tr.zrd:icC a full thickness human tissue 
| hi fused with a growth tact or. 
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MNTbiOD AND CO\\?OSYYIO\:'- FOR HEALING TISSUE DIIFE-GTS 
AND INDUCING HVPERVASn;i.ARITV IN MAMMALIAN TISSUE 

This inventiu r. was supported in pan by the National institutes of Health Gran; 
Nos. GAI53~4. CA-U15A and CAM-MN The United S rates government has certain 



Field of the Invention 

The present invention relates generally to the field of enhancing the repair of 
wounds in mammalian tissue, e a., following injur.', burn, surgery and skin grafting or 
tissue transplantation, and inducing neovascularization therein 

10 Background of the Invention 

Wound repair and tissue generation in normal and impaired wound healing 
conditions is a major focus in medicine. In particular, the capability to achieve wound 
healing or develop tissue growth in an impaired wound healing environment remains a 
problem. The mechanisms of normal wound healing, hypertrophic and keloid 

15 scarring, as \ve!i as the generation of new tissue growth have been postulated to be 
related, particularly at the growth factor level The potential for growth factors to 
enhance wound healing, soft tissue generation, scar manipulation, and tumor activity 
has stimulated intense investigative efforts over the past few years. Unfortunately, 
these studies have yet to provide a clinically effective delivery system or clinically 

2 0 significant results In human skin. 

Experimental evidence suggests that human vascular endothelial growth 
:ac t o r (YE G F ) , for e \ a m pie, h a s an important funct: o n in t h e ri : a i n : e n a n c e o f th e 
vasculature in healthv tissues, in wound healing and ;n ang;ogenes:s. YEGF is a 
pctem mitogen, car end iacN.1 cells, and causes cytoplasmic aecumakuic n of calcium. 

2 a Nuances in ceil :o:""h'0 - o. . an : . : ;.. .• m ceil ah vision, a as a here a gene c .pica- u >. 



5 



rmhts in tins inventior:. 



( :p-:'eu'Uiate^ coocase^ 



VEoN a.: o inhibits the maturation of dendritic ceils. 



•scu.a 




uolar c raanei.es ) ana :s 



re -;p." "isirit 



'o- :::e autocrine goo^t;-, of AlGS-kapcsi sarcoma cells 



A; Uo.v level.-. VEGF is expressed by a -,a:;c:v of norma: ceils including 
keratmccvtes iC P. Kiritsy and S. E Lynch. 1993. Crh. Rev Oral Bio' Bed . 4 72-- 
■r>0j and macrophages in the healing of cutaneous wounds. VEGF is aiso found ::: 
::ie 'endometrium and corpus iuteum, is produced by podocytes or rena! glomerulus, 
5 bv prostatic epithelium and by epithelial cells of the adrenal cortex and lung VEGF is 
upreguiated during wound healing, psoriasis and delayed type hypersensitivity It is 
produced by cardiac myocytes in ischemic myocardium and bv synovia] lining cells in 
the pannus of rheumatoid arthritis. It is constitutive in many tumors, such as tumors of 
the coion, stomach, pancreas, kidney, bladder, breast and glioblastoma. Most 

10 malignant cells, including melanoma ceils, express VEGF Its expression can be 

induced by other growth factors, such as transforming gic win factor (TGI* -13) and 
platelet derived growth factor (PDGF) and cytokines, or by hypoxic environmental 
conditions [S A. Eming et a/, 1995, J Invest Dermat ol , 105:756-763] Its over 
expression leads to hypervascuiarizar.on which is often associated with chronic 

15 inflammatory diseases and cancer [see, e.g.. F. GrinneL 1992, J. Cell Sci , 101 : 1-5, 

V. Falanga et ai y 1994, J Invest. De rm atol . 102:125-127: G. F. Pierce et al, 1991, J_ 
Ce il. Biol , 4/5 3 19-3267 

A variety of VEGF constructs and uses in neovascularization and wound 
healing have been proposed For example, see International Patent Application 

2 0 YV096/ 26736, published September 6. 1996, w hich relates to VEGF-G proteins useful 
to accelerate aitgiogenesis in wound healing. International Patent Application 
VVQ^s. '24473, published September 14, 1995, relates to VEGF-2 polypeptide, useful 
for wound healing and periodontal disease. European Patent Application No. 550296, 
published Juiv ~ t !9°3 relates :o VEGF peteim used for promoting ar.gio genesis in 
treatment of card: ic angiopafuv, wounds? burn m/uries, ;v ' stoperaii\ e tissue damage. 

Patent Application No. , c4"'7. published September ?■>. 1992. relating :,: VEGF 
.>ub-umts :7: r inducing tissue repair and a: - win European Patent Arplication N- 



PCTTS9S D44S 



or to r. mote tissue repair, L" S Patent No. 5j)73.4f<2, issued December 1 7, I o9 : , 
and L S. Paten; No 5,194,5 v >6. issued March 1 o, I°°3, among others 

The use of replication deficient adenovirus vectors (Ad) to deliver V'EiGF to 
hear:, smooth muscle and endothelial ceils, as weil as delivery of such vectors via 
5 subcutaneous injection has been the subject of much experimentation. For example, 
replication defective adenoviruses carrving VFGF genes have been described in. e e , 
J. Muehliiauser et ai, 1995, Circul. Res . 27i 6 >: 1 0~7- 1 OSo and J Muhlhauser et al, 
19 ( >4 ; J Ceil Biochem,, Supp. C (18 Part A), p 239. The Muhlhauser references 
refer to the deiiverv of a replication deficient adenovirus carrying a human VEGF-165 

10 gene under the control of the cytomegalovirus promoter to human umbilical vein 
endothelial ceils anc rat aorta smooth muscle cells. The same vector was injected 
subcuianeously in mice, and two weeks post injection, histological evidence of 
neovascularization in the tissue surrounding the site of injection was observed. 
Similarly. C.J. Magovern et al, 1996, Annals Thor. Su rg., 62(2): 425-43 4 refers to the 

15 use of a replication defective Ad carrying the gene for \ TEGF in direct myocardial 
injection to accomplish gene transfer. These authors noted sustained and localized 
expression of VEGF for up to 7 days after a single injection, and posited that this 
strategy may be used to stimulate angiogenesis in ischemic myocardium [see, also, R 
Fih el ai 1994, Circul . 90(4), part II, p 1147] 

2 0 The principal growth factor found in platelets as well as macrophages, 

fibroblasts and endothelial cells ;s platelet derived growth factor (PDGF). a 30 Kda 
protein dimer existing in three different i so forms ('PDGF-AA, PDGF-AB and PDGF- 
BB;. which is released a: a site of injur/ within the body The mitogenic effects of 
PDGF-BB i so form, which can bind to r'ne PDGF- 13 receiver, cm fbroKasts. smooth 

2 5 muscle cell- am: other mesenchvmal celh> have beer, exter. ;iveiv oo.cmrcr.tcd The 
chemoa::racti\ e effect., mediates 1 through the PDGr 1:. reamer have implicated 
PDGF-BB and PDGF-AB in the ph;. sioDgie pro,e. s ■ -f w-.und healmg ti.s^ie 
repair and the pathologic process of atherosclerosis 

PDGF-BB has been shown to be an integral part of the initial and ear;-; staees 



stages respect! veiv PDGF-BB was also shown to be present ;n wounds and aiso 
within the blister fluid of burr: patients The final stage or" wound healing, in winch 
scar tissue remodelling occurs, can largely be attributed to the autocrine production of 
PDGF-BB from dermal fibroblasts Such autocrine loops are initially stimulated m a 
5 paracrine fashion with platelet PDGF, winch ultimately results in the deposition of 

extracellular molecules such as tibronectin and tenascm Chondroitin sulfate may also 
be deposited which may inhibit the action of collagenase. In wound healing it has aiso 
been shown that there is also a major reorganization of collagen types 1 and III. The 
accumulation cr such molecules in connective tissue is associated with diseases such 

10 as rheumatoid arthritis and atherosclerosis. Tins may implicate the involvement of 
PDGF in the pathogenesis of these diseases. The sequence homology of PDGF-B 
with a viral oncogene from Simian Sarcoma virus (v-sis), also implicates PDGF-B m 
normal and neoplastic development, with man;/ tumors being intimately involved with 
the production of PDGF-BB 

15 Systematic analyses of the roles of individual growth factors and cytokines for 

their angiogenic properties have been difficult in disease -related conditions because 
experimental over expression or suppression of expression of growth factors in human 
ceils could not be achieved consistently under vivo conditions. Indirect evidence of 
the potential roles of growth factors came from expression studies in diseased skin in 

2 0 which mRNA or protein levels were determined. 

Application of exogenous growth factors to wounds, for example, has shown 
efficacy in wound healing in some experimental animal models, eg, topically applied 
in imo aired wounds, but the few clinical studies are difficult to interpret [Kiritsy. cited 
above], apoarentlv due to the limited biological half life rf me growth rhetors when 

2 5 applied topically or :ue difficult;- of c staining fre.'.uer.t cors.es for cnai .ses Onl\ 

nenctrntion of PDGF to ceils in the wound bei ana a demonstrable nea.mg effect nas 
neen difficult to achieve and mav be er.'r^-ccd by wound dressings [Fhemte. G F. et ah 

: i ; ; h-w-w; if-; 1 On ■■ 1 * : ' > s : S::_. i : : 
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2-5 Uo-re<auia:io:i of orcteinases ir: r.on-healing wounds may contribute to the rapid 
degradation of topicativ applied PDGF [Yager, D R , et aL 1996 J lav es: Dermato l 
107 743-74S] \\ dnic exogenous PDGF-B can enhance acute experimental wounds ir. 
animals [see. e.g , Lynch, S.E . et ai. 1987, Proc Natl Acad Sci USA 84;7c0o-7G(\ 
5 Pierce. G F , et al 1991 Am. J Patho l 13S".o29-()46, p lcrce , G.F , et al, 1992, AmJ_ 
Path .nl J_-i'i: I 3^:- 1 3SS :, results in human trials of chronic wounds have been less 
effective [Steed, D L. et ai, 1992, Diabetes Care. j_f: I 598- ] 604, Rooson, M.C., et al. 
1992, Annals Plastic Sura, 22' 193-201], necessitating improved methods for drug 
delivery One alternative approach is to express the PDGF gene in the fibroblasts of 

10 wounds. Due to the oncogenic potential of the PDGF gene [Gazit, A., et al., 1984 
Cell 30:39-97] such procedures require a strictly circumscribed expression of PDGF. 

A major stumbling block to the use of growth factor therapy for the treatment 
of non-healing wounds has been the difficulty in protein delivery [Elia and Friend, 
1975, J Cell Bio !., 65 180-191; Chen and Okayama, 1989, Mol Cell. Biol , 

15 922. 2745-2752, D. Greenhaigh et al, 1990, Am J Pathol. . 136:1235-1246, T. 

Mustoe etal, 1994, Arc h. Sur g., 129:2 1 3-2 1 9; G Hubner e/ <*/., 1995. Cy tokine . 
8:548-556]. Al! animal and clinical trials to date have thus far required large doses 
and repeat administration of growth factor in order to favorably influence wound 
healing (D. Greenhaigh et al., cited above, T. Mustoe et al, cited above). Previously, 

2 0 methods including in vivo retroviral transfection, in vnro DNA transfection and 

autologous transplantation, piasmid DNA, and DNA-coated particle bombardment, 
have met with limited success because of poor gene transfer and limited biologic effect 
[Chen and Okayama. cited above. C Andree et al. 1994, Proc Natl Acad. Sci U SA. 

;:;y.;.!:;o; G. Kr ueggcr et a! . 1994 ' : t. ; .t. 7 x -ro:o. 7 . • ~' ; >: -N. I.' 
H-i^ie er a: . I9<>5. v « -y: - ( ;-me* . [■) i - 1 - <\ S Bcnr.etal. 1996. J C lin___i n\ e<o . 
'■S 2- ■ 2. I Cicin^. et al.. 1996, } himan Gen e T— r . 2 S-5-S 

I hu.,. the: e remams a need in the art for met ho as and compositions useful ;n 
o eaouc ^wnimio as weii a- in induoinu ;e ! ! growth, neovascularization and reran" m 
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Summarv of the Invention 

In one aspect, the present :nven:;o;i ii.voh es a method tor increasing. :;k:>;c;!:i: 
vascular development in mammalian tissue by delivering to the tissue a replication 
defective recombinant virus, preferably adenovirus, comprising a human growth factor 
5 gene under the control of regulatory sequences capable of directing expression of that 
izene in the tissue The tissue can include heart, arteries, veins or organs, such as 
kidney, liver, etc In a selected embodiment, the tissue is human skin. This method 
enables the production of growth factors by differ en: cells in the skin and/c r in other 
tissue. 

10 In another aspect, the invention provides a method for enhancing the repair of 

a wound in a manimal compubiug iiduiiiiisteiuig io die mammal (preferably a human; a 
recombinant replication defective virus, preferably adenovirus, comprising a growth 
factor gene under operative control of regulatory sequences which direct the 
expression of said growth factor in the area of said wound. Expression of the growth 

15 factor thus enhances fibroblast growth and formation into a matrix, enhances 
keratinocyte growth and angtogenesis, and thus enhances wound closure. 

Another aspect of this invention is a method for administering into poorly 
vascularized tissue (e.g., skin) to be transplanted just prior to transplantation the virus 
containing the growth factor gene Specifically, the genes desirably administered to a 

2 0 skin culture are VEGF 1:1 and PDGF-B. 

In still another aspect, the invention provides a composition comprising tissue 
to be transplanted (e.g., human skin) which is infected with a recombinant virus which 
directs expression of VEGF or PDGF prior to transplantation. 

In still another aspect, the invention provides a method of engrafting tissue 




reuuiatory sentiences which direct the e:-; press: c n o: saic gene product m saiu 

ribro blasts pr.or to trans plantation, tb; placing said infected iicrcbiasrs onto :ne sire. 
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and c ) placing i:s:;ue to be gratted at the site over the imeetec nbroblast.-, 1 he tissue 
i a) mav also be treated with the virus. 

In vet a farther aspect, the invention provides a novel animal modei for disease 
comprisiim an immunodefieient mouse, e.g., SCID or RAG mouse, stably engrafted 
5 with mammalian adult skin, preferably human, skin, or other mature tissue infected 
with a recombinant virus which directs expression of VEGF or PDGF prior to 
engraftment. 

In still a riirther aspect, the invention provides a method for screening 
angiostatic compounds usefai in the treatment of pathological states such as VEGF- 

10 induced hemagiomas, particularly those resistant to conventional treatment, and other 
pathological states, such as cancers. This method comprises the steps or exposing the 
human skin graft on the animal modei described above (in which the human tissue or 
at least a fibroblast laver was infected with a recombinant adenovirus expressing 
VEGF) with a test compound and observing the effect of the test compound on the 

15 process of formation and resolution of hemangiomas or growth of fibroblasts, 
keratinocytes, and/or angiogenesis in the graft. Compounds which reduced the 
process of hemangioma formation or enhanced the resolution thereof or enhanced cell 
iir>voth and/or angiogenesis may be selected for the treatment of such hemangiomas in 
humans. 

2 o Other aspects and advantages of the present invention are described further in 

the toil owing detailed description of the preferred embodiments thereof 

Brief Description of the Drawings 

Fig. 1 is a How chart illustrating the construction of \ TZGF 1:I recombinant 

aucr.O' v:rus. 

2 ■;. r iu 1 A :s a Western ;uVt of a on- reduce. 1 suueruatants ~2 hour- alter vir d 

ir.irsdncticu v. i:h ^VMAf f\ melanoma cells, using a monoclonal amirou;/ cuAht 
specific for VEGF Lane 1 is a VAl-LV 'A supernatant c-nminmg AdVHGF, :i ; ,are : 
is i VVM-23 r 'A supernatant containing a adenovirus vector carrying a r-gaiaetorddasc 
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marine human \'"Gr i:i< bio: J represents an. armature form of the growth factor 
blots a through c represent dimertaed forms, with a represented the dimer of the 
immature form (d>, b representing a dimer of (d> and (e) and c representing a aimer of 
mature VEGF.-,. 

5 Fig 2B is a Western blot of the supernatants of Fig. 2 A, but reduced The 

lanes are the same as described tor Fig. 2A. The mot labeled e in lane 1 is VEGF i:: 
The blot labeled d is immature or glycosylated VEGF. 

Fig 3 is a flow chart illustrating the construction of PDGF-B recombinant 
adenovirus. 

10 Fig 4 A is a Western blot of non-reduced PDGF-B/Ad5 supernatants from 

virallv transduced WM-239A melanoma cells, using a goat serum specific for POOP- 
ED Lane ; is a WV1-239A supernatant containing AdPDGF-B, lane 2 is a WM-239A 
supernatant containing a adenovirus vector carrying a B-galactosidase marker gene, 
lane 3 is a WM-23 9A mock-transfected supernatant. A PDGF-BB dimer migrating in 

15 the 3 0-3 ~ Kda range in the non-reduced form is shown in lane 1. 

Fig. 4B is a Western blot of the reduced supernatants of Fig. 4A. The lanes 
are lite same as described for Fig 4A. When reduced, monomeric PDGF-B migrates 
about 1 5 Kda. 

Fig 5 A is a graph of the results of a [TP thym.dine incorporation assay, 
20 plotting thymidine uptake vs. dilution of the supernatants of WM-239A ceils 
transduced with adenovirus vectors as follows. The open triangle represents 
Ad/PDGF supernatant, the open circle represents Ad/LacZ supernatant, both pre- 
mcubated with a non-speciric neutralizing rabbit polyclonal sera (5ug''ml) against 
nnmocv- .* chemoattracumt protein <\1CP)-1 The sauare represents Ad.'PDGF 

<.-:.; .. i: he'-tod:/ art:ro_;v : ; • a ; to P '. )( ■ F-B B 1 re W: P: H -1 hh;e: wmm: 

The simulation of NTII-3T3 eel: . was ^een u;: U; a u:lm:.oi of 1:32: The level of 
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control sure mat ant from a Lac Z adenoviral (Lac Z/Ac!5 ) transduction of WM-23 ( - A 
,. L »i! rre-;neubated with either MCP-1 or PDGF-BB neutralizing antibody 

Fig 5B is a graph of the results of [ Ti ■ thymidine uptake for PDGF-B Ad5 
supernatarus diluted 1 Si) or 1 loO and used on a standard curve from [~'H] thymidine 
5 uptake of commercial recombinant PDGF-BB The level of secretion of PDGF-BB 
was shown to be 7 5 u a/mi using a commercial EL ISA kit & Si D Co.) 

Detailed Description of the Invention 

The present invention provides methods and compositions for enhancing the 
healing or repair of defects in mammalian tissue, for example, wounds, particularly 

10 non-neaiing wounds, burns, and other tissue damage. In a preferred embodiment, the 
tissue to be treated by the method of this invention is human skin and cultures of 
human skin for grafting However, this method is useful similarly with other 
mammalian tissue and organs, e.g., heart, kidney, liver, arteries, etc. The methods and 
compositions of the invention have proven effective in murine models of tissue re- 

15 vascularization, as well as in wound repair and closure 

L Methods of the Invention 

According to this invention a method is provided for inducing repair and 
neovascularization in mammalian tissue, specifically in skin which is damaged by a 
wound, injur 1 ;, surgery, disease or aging. The method involves administering to such 
2 0 injured or detective tissue or wound in a mammalian subject a replication deficient 
virus carrying a selected growth factor gene Infection of the tissue with the virus 
results : n localized over expression of the selected growth f^cicr at supraphysiologie 
!c\eU w:\ich induces growth of fibroblasts and keratmccytes, and neovascularization 

heaiinu respon.se ro shift from the imaimmatorv :o the remodeling phase aurmz \\ hi cr 
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over other preview attempts at the deliver, of recombinant DNA for the purpose of 
augmentuiu wound healing and ^-vascularization of tissue. 
.F Selected {jrowtfj Fticiors 

Among :he growth factors particularly usefui in the present invention 
5 are vascular endotheliai growth factors (VEGF) and platelet derived growth tact or 
(TDGFk which are described in detail in the background above. Many variants, 
naturallv occurring and svrthetic, ha\e been disclosed which are VEGFs and PDGFs 
For use m the virus construct of this invention, the cDNA coding sequence of human 
VEGF-.,, [E Tischer et aL 1991, J. B iol Che m,, 266 1 1947-1 1954 is employed; see 

10 also Genbank Accession Nos M63971 -M6397S]. VEGF i:i is a 121 amino acid 

protein, a functionally active dimer of 36 kDa, 32 kDa, and 23 kDa [Houck, K.A, 
1991, Mol . Endocrinol . 5: 1806-1814; Ferrara, N, et aL 1991, Growth Factors , 5 141- 
1 48], the result of homo- and heterodimeric associations of the monomelic IS kDa 
dycosviated protein and the 14 kDa unglycosylated species Of the four VEGF 

15 isoforms. only VEGF ;2] lacks exon 7 and does not bind cell surface heparin, possibly 
explaining Us proliferation-enhancing effect [Houch, K.A, et al, 1992, J Biol Chem. 
267 2603 1-26037]. For use in the method of this invention VEGF |:; is preferred. 
Similariv for use in other mammalian species, mammalian VEGF i:: homolog 
sequences are preferably used. 

2 c For use in the virus construct of this invention, the human PDGF-B 

gene [T Collins e: aL 1985, Nature , 2_N::74S-75G; Genbank Accession Nos 
MSSISA3-7, MSSIS1-5] is exemplified. Other useful PDGF genes include those 
described by L. Ratner et al, 1985, Nature Acids Res , 13 5007-5018, and also the 
PDGF-A ue:ie Similarly for use :n ether mainmalian species, mammalian PDGF 

2 6 homolog sequences are preferably used It should be wr.ccrsiocd by one ot skill in the 

as described herein. 

}] RecomhuhirA i 'irus 
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urjwth factor; iha: ;t infects target ceils, that :t carries the selected gene, an.: th.at 1: :s 
replication defective. A number of Mioses are known tor use in delivering genes to 
heterologous tissue, such as vaccinia or other poxviruses and may be useful in this 
invention. Present !v, a replication defective adenovirus is the preferred vector for 
5 permitting endogenous over expression of the selected growth factor gene products, 
such as VEGF or PDGF according to this invention. Adenoviruses as vectors are 
preferred for the method of mis invention, because adenovirus is capable of inrecting 
non-dividing cells or dividing cells Adenoviruses infect all human skin cells including 
keratinocytes, fibroblasts, melanocytes and endothelial cells at more than 95% 

10 efficiency, making lengthy selection periods unnecessary [M.J. Bosma and A. M. 
Carol, 1991, Ann Rev Immunol , 9:323-350; R. C Muiligan, 1993, Science , 
2_c0;926-932; E. J. Kremer and M. Perricaudet, 1995, G ene Ther , 2 564-565J. 
Further, adenoviruses remain episemal and thus rarely integrate into the human 
uenome [A.J. Bett et at, 1993, J Virol. , 67 591 1-5921]. The invention specifically 

15 provides recombinant replication- deficient adenoviruses containing the selected 
growth factor gene, which permit expression of the gene products in mammalian, 
preferably human, skin. 

Another advantage of this invention, is that adenovirus-mediated gene 
expression in keratinocytes, melanocytes, endothelial ceils, and fibroblasts remains 

2 0 stable /// \ntro for at least 2 to 6 weeks, depending on the proliferation rate of cells 

r K . S at v a m o o r: h y e / ; ; /, 199b, " 1 . 7 /; ty < ?f c idem. >vir use s cis get: e expression m odu ies i > : 
mekuioma." In: (Maio M. ed) Proc. Int. Conf Biol. Melanoma. [OS Press, 
Amsterdam, Netherlands: and Y Setoguchi el dt\ 1994, J Invest. Dermatol . 1:)2:415- 
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for example, has a hal:-iife o f m:r.me> : o less than 12 hours. 
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extensive; 1 / as a gene-uekvery s\ste:u for therapies in experimental modeis or' earner 
i \ l. I-cng u/ a!. 1095. Cancer Re s . 5 : : 2'*24-202S; G L. dayman ,v ://. l c >95 Cancer 
Kes_, i -6, Z. Jin at ai 1995. Omcejy!^_s_, 55 3250-3 25 . and L Cordier e7 ai 
1995. Gene Ther , 2: 16-21 J and cardiovascular diseases. It has also been used for 
5 treating human gliomas and congenital diseases such as c\st:e fibrosis 

The exemolarv reccmbinant virus used in this study is a modified 
adenovirus tvpe 5, diTOol strain which is characterized by a deletion in the E3 region 
[Rarheim, T.S , et ai, 1993, J Virol 6^:2 1 59-2 lo"?"]. DNA sequence analysis of the 
E3 region of this vims indicates deletion endpoints between nucleotide 594 and 

10 nucleotide 3662 in the E£3 region, where nucleotide 1 corresponds to the HcoRl site of 
Ad 5 at 2 / 1 bp All h3 region open reading frames are deleted in dI7001 . For use 
in this invention, the El gene region of dlTOOl is deleted rendering the virus 
replication defective. This recombinant virus is non-lyric and does not induce 
apparent phenotypic changes in infected skin cells. 

15 However, the present invention is not limited to the dl7001 

recombinant adenovirus. Other known replication defective adenoviruses and any 
new adenoviral vectors to be described are anticipated to be useful in the methods ana 
compositions of this invention. 

Similarly, this invention is not limited by the selection of the promoter 

2 0 useful in the recombinant virus, i.e., the native viral promoter is replaced using 

techniques known to those of skill in the art. Desirable promoters include the CMV 
orornoter. the Rous sarcoma virus LTR promoter; enhancer, the SV40 promoter, the 
chicken cvtop'.asnuc 13-actin promoter [T. A. Kost et al, 1983, Nuch Acids Res . 
; 1 1' 2 3 ) . ^ 2 S ~ h the pr.^-n .otcr 9t :\ rosina.: e. v\ h:ch i.s a me'.ar.ec^ te-sreci::c 

22 ricmematam ger.e M V Am .-maces :•; l'>93, -\ m. 1 PaAC , ]_£2 ; A-'- \ \ \ tr.e 

..:!. l'>91. j Cc'd A. A , - : : • ■ : -3. ;•. I., brov.n a ai i'>94. J. Sure Res . 5o 5-2- 
GaA: " .,■/. J ] - •:■ ' ' ! 22: 22". * % e rromorer A" Ms-CAM. a 
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: ivi,:^!^- Still ■ : ihcr promoter, emvmcer sequences know;; in me an. including 
muui akv uceurrmg viral oromvters. ma^ be readily selector! by one of skill in the ar 
In die recombinant virus, tne sequence of the selected growth factor 
mav be inserted under tne control of the seiecred promoter in any region cf the viral 
5 uenome not essentia: rbr the formation of die recombinant virus. For example, in the 
embodiments described in the examples, growth factor cDXAs are inserted in place of 
die deleted El region of die replication defective adenovirus, and can only replicate in 
human embrvonal kidney 103 ceils available from the American Type Culture 
Collection under Accession No. CRL 1573 (which contain 1 l°o of the viral genome 
10 including the El region;. However, alternatively, the growth factor gene may be 

inserted into nomesseiitia! E3 or other regions Such regions may be selected by one 
of sk ill in the an. 

In a fjrther embodiment, the recombinant virus may be constructed to 
comam tandem genes in place of tne single selected gene as above described. For 
15 example, a gene construct containing VEGF. :1 and PDGF-B (or with transforming 
urowth facto r-0) which is expressed by a single promoter can be used in place of the 
VEGF ri gene under* control of a promoter. 

The recombinant viruses carrying single growth factor genes or tandem 
repeats cf these genes can be prepared without resort to undue experimentation by 
2 0 one of skill in the art in view of the description herein and techniques of recombinant 
■v irus construction available in the art. See, for example, the descriptions of the 
references cited above and other known art, such as International Patent Publication 
W<»>, ZcOSf, pubhsned Aagust 20. k^c 

< '. /kv/k/v/'u.'/uc ••<'k> : u Jr. f oo <-r Ex k;'o> McEuodx -4 the hixetmon 

o Oi rev ted ex predion of soc ; ^ growth factors according to tne method cf 

0. , n -. > m vvoaua rerair in mammalian tissue :u a \aneu cf situat.ens 

kne r 'vsent m\ eiuc n provide ; foi- endogenous *v exnres eon of a g: nw:h facto r to 
no vide ;ntinvai ^. c.fiie--' ^ u:d secretion into tine nucroeuvi:- mment fot" a longer lasting 
hiuf meal effect then is permittee, by direct administration of the proteins themselves 
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v; ue:u. vrus v. hick :an direct express: .:r of a selected growth factor gene, e.g . 
\':';GF.. . mav he admirustere .i :■: the imared '.issue The recombinant \;ras bearing a 
ueue encoding a \'EGI ; or PDGF protein may be administered to a human or other 
mammalian patient, preferably suspended in a biologically compatible solution or 
oharmaceuucallv acceptable delivery vehicle. A suitable vehicle is steriie saline 
Other aqueous and non -aqueous isotonic sterile injection solutions and aqueous and 
non-aqueous sterile suspensions known to be pharmaceutical!;/ acceptable carriers and 
\veil known to those of skill in the art may be employed for this purpose 

Conventional and pharmaceutically acceptable routes of administration 
mciude intramuscular, intracutaneous, intradermal, subcutaneous and other parental 
routes of administration. Ruui.es of administration may be combined, if desired, or 
adjusted depending upon the extent and type of injury or the tissue being treated. 
Preferably the recombinant virus is injected intracutaneously or intradermals where 
the selected tissue is skin. One of skill in the art practicing this method may select 
appropriate routes 

The recombinant virus is administered in an "effective amount", that is. 
a:: amount of recombinant virus that is effective in a route of administration to 
transfect the selected tissue (e.g., skin) cells and provide sufficient levels cf expression 
of the growth factor to provide a therapeutic benefit, i.e., enhance fibroblast and 
keratmoevte growth, enhance vascularization of the injured tissue. See, e.g., the 
amounts administered in the examples below. Dose* or effective amounts of the 
recombinant replication defective virus will depend primarily on factors such as the 
tissue being treated, e.g., the type of skin damage being treated. The health of the 
sublet mammal is no: relevant due to the known safety of ademwirus use. For 
ex irime, an. effect" e amour.: or ucse o f a recomklmut: adenovirus acc^ramu to ::u> 
r . :: :s aeneraiiv :n the iiuvee of f:o;r. .fm >u: i . a. to about I mi »U >:u:x!. 

\ irus.-mi. A ur c: er-ea dose is from arcm ro abom < <: 1 ul saline solution, at the 
ah- >vc concentrations Mo<: preferred for the tream.er: of skin is a dosage. 
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administered intracutaneousiy. of about 5 x 10' recombinant \ ims particles per enr of 
ski::. rased upon the size of the ir.jury being treated. 

[n another embodiment of the method of this invention, the 
recombinant adenovirus carrying the selected growth factor gene is injected into a cell 
5 culture or other tissue intended for grafting or transplantation A preferred example 
is the introduction of the growth factor-bearing adenovirus into fibroblasts. 
Preferabiv the recombinant virus is introduced into a cell culture at a concentration of 
about 10 pfu/ceil in culture The culture exposed to the recombinant virus is cultured 
for about 24 hours and then used for grafting or transplantation according to the 

10 methods described herein or in conjunction with conventional methods. Preferably, 
the adenovirus-containing fibroblasts arc applied directly to the site of the wound, or 
the cells are embedded in a gel, e.g.. Matrigef for application to the wound site. 
Alternatively, the fibroblasts are grown on a membrane which dissolves in vivo. 
Thereafter, a graft of other (transplanted) tissue is placed over the fibroblast layer. 

15 The infected fibroblast layer overexpresses the growth factor for between about 10 to 
about 14 davs. Introduction of such infused fibroblasts into a graft environment or a 
wound site enhances the cellular and vascular development both in and around the 
transplanted tissue and permits larger surface areas of skin or other tissue or thicker 
tissue to be transplanted successfully. Rapid vascularization and deposition of 

2 3 fibroblast matrices and keratinocytes occurs within days once the infected tissue (e.g., 
skin) is transplanted. Further, this method requires only a single administration of the 
recombinant virus. If the transplanted tissue which overlays the fibroblast layer is 
poorly vascularized or thick, the transplanted tissue itself may also be infected with a 
similar amount of the recombinant adenovirus This provides an advance :n 
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adeoo\irus according to mis invention. Preferably me grafted tissue contains about 
5 ; ■ recombinant \ irus particles per cor of cells :n cuiture This composition is 
prepared utilizing the method of this invention, and may be prepared within 24 hours 
orior to ^ratting or trans plantation procedure Such infused fibroblasts may be grafted 
onto a site of a wound or other tissue injury- Such, infused fibroblasts may he 
employed :o underlie another grafted tissue on the site of the injur/ as described 
above 

As still another embodiment of the present invention are other tissues, such as 
breast tissue, liver tissue, etc., which are similarly infected in vitro with the 
recombinant viruses of this invention and used for transplantation or grafting within 
24 hours. The tissue is cultured in vitro in the same manner as the skm culture. 

The method of this invention, which permits infection of these tissue cultures, 
permits larger surface areas of tissue or skin to be transplanted than when prepared by- 
present ly available methods. The tissue cultures prepared according to this invention 
revaseularize more rapidly than cultures prepared in other known ways. 

XLL Animal Transp i a nt at tor Model and M e thod of Prepara tion 

The invention also ore vices a novel murine tissue transplantation model in 
immunodeticient mice which mimics the behavior of human skin or other mature 
mammalian tissue. At present only very thin layers of skm or small fragments of other 
human tissues, generally 1-2 mm : can be grafted onto animals for experimental use 
Such tissue, whether skin or other tissue, must be trimmed down prior to any 
engrafting. In contrast, this novel murine mode: allows experimental conditions 
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According to this invention, the murine model ;s a severe c^^tiinec 
i i" m u n o d e : ; c i e n c y t S CI D ) mouse, such as d e se r i b ed in P YV S c b a 11 e e / ..;/. 1996, 
Cancer Res , o-.o^-Tod or a RAG I [IT Atillasov, 19^, J I nvest Der matol , 
100 ■" 7 04-700j mouse, onto which is grafted a large fragment of full thickness human 
5 skir.. or mature tissue, such as breast tissue, liver tissue, cartilage, etc. prepared prior 
to grafting bv infecting the tissue with the recombinant adenovirus as described above 
Tins graft may overlay the infected fibroblast layer as above-described. Preferably, 
the recombinant adenovirus employed carries the gene for VEGF i:: , or PDGP-3, or 
tandem versions of such growth factor genes This mode: is described in more detail 

10 in Example 2. 

Once grafted onto the mice by conventional means, the infected tissue ceils 
express the selected growth factors which induce rapid neovascularization by the 
mouse vessels, which allow survival and growth of the mature tissue. This model 
permits the engrartment and study of large tissue areas, including mature sk:n and 

15 mature untrimmed tissue. This model provides an effective method for successful skin 
a rafting of tissues that previously were too thick for obtaining viable skin grafts 

TV Utilities of the Methods and Compositions of this Inve ntion, 

The compositions and methods of this invention have utility m both research 
and drug development, as well as in wound treatment and surgery, such as plastic 

2 0 suruePv or transplantation, and in the treatment of angiogenic disorders. The present 
invention permits individual growth factors to be delivered at sup raphy si o logic levels, 
in order to better modify scar tissue, wound healing, and enhance tissue generation in 
problem wounds The cc -mp< — tioris :im: methods permit one to enhance hea'.mg of 
wounds m an impaired environment, arid modify or reduce scammc in patients w::h 

2 o ah norma, rccrrmc The present inc. emion may he useful to enhance a loon, wo urn: o. 
.A w „:mple ensure, eitner m.roumh i.<i:- grattmg, cr endogenous heakng The 
present invention heirs achieve closure cf difficult .wands The one thou ot uehverm- 
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aiso useful zurmg reconstruct. ve surgery r^r codatera: tissue vascularization ::y 
ir. duomg hvpervaseuianzation. 

Accordirzz to the methods of this invention, large surface areas of tissue mav 
be maintained ::i a viable state, and then used to close a wound or other tissue defects 
5 in surgical procedures The model and the method of this invention may allow viable 
tissue healing in areas that weuid previously not be receptive towards healed tissue 
The method and compositions of tins invention, provide the ability to successfully 
generate new tissue and preserve the viability of impaired tissues in the treatment of 
traumaticallv injured tissues or preserving surgically impaired tissues. For example, 

10 new extra tissue could be generated as described above prior to transfer, or the blood 
fic vv and tissue development enhanced in existing tissue thai, would be required tor 
successful transfer into a poorly vascularized 'random area' of tissue or tissue absence 
Frequently poorly vascularized areas cf tissue, such as transplanted tissues utilized to 
cover up traumatic wounds, or wounds that are created after the surgical resection of 

15 cancer, or potentially wounds thai have developed due to ischemic conditions, necrose 
when transferred into i new location. The present invention may enhance the viability 
of the random area of tissue, either through improving its vascular supply or the 
development of more functional tissue. 

Another use of tine methods and compositions of this invention is in the 

2 0 treatment of ischemic ulcers or macular degeneration due to peripheral vascular 

disease, diabetes, aging and radiation necrosis Current!}-, the standards cf treatment 
recuire prolonged dressing changes, continuous surgical debridement, and ultimately 
the surgical transfer of tissues, either through locai faps or microvascular tree tissue 
transfers These transfers recuire raking healthy tissue from one area of the bodv and 

veil as craniofacial suigerv with regards to scar formation around various prosthetic 
imciants. ordav bone arait heaiiraz, as '.veil as tissue preservation and improving tree 
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There are also raumercus resea: ;n uses fur tae :omp^;s:!;ons of tins invention. 
;>r example, fur studving me e\ ems that ^ccur alter the injection of growth fictom. 
.>ik h u.> PDGF, VEGr, TGF-p anil insulin-like growth factor, or others, on the 
inedirieation of sour tissue, such as keloid scarring Hlevated incidence of YF1GF in 
5 tii e periphery of keloids accounts tor the aoundan.ee of tissue growing in the periphery 
and the relative avascular central fbrutic characteristic:; within, the keloid dermis The 
abiktv to maintain the viability of human keloids on the SCID muuic utilizing YEGF 
and PDGF serves as an interesting model to study the behavior of keloids 

Fur: her, the mode! and met lied s of this invention wall permit evaluation of the 

10 etlectiveness of delivering supraphysiologic levels of various growth factors in other 
impaired wound healing models, such as closure of the acutely h;chem:c, chronically 
ischemic, and radiated wounds. 

The animal model which bears engrafted human skin infused with an 
adenovirus and/ or an underlying Ad- infected fibroblast lave: which permits expression 

15 of YEGF Cor PDGF) is also useful in a method for screening compounds for the 

treatment of angiogenic c is orders Ai one example, described m detail below, the 
YEGF treated skin grafts produce a result which mimics the de\elopment and 
res dution of hemangiomas Hemangiomas may, under some circumstances, be life- 
threatening and current therapies use corticosteroids [Foikman. J 1995, N Eng i j 

20 Med . 332 1757-1 763j or IFNcoZa [Faekowatz, R.A et al , 1992, N E r.gi. J. Med 
326: 1456-1463], the latter compound down regulates the production of fibroblast 
grewth factors [Singh, R.K. et ah 1995, Pro c Nat l Acad. Sci.J.'SA, 92:4562-45ob] 
There is presently no treatment for those hemangiomas which da not respond to 
; ': '\ ; -2 : In me mudirdratmu stage. hem;.u;u:omus have ; eeu shaw n to express YFGF 

0^. 4. .vv;;, ' c ; ]j p)^ ; > J Ryu ^ a".: . 2 d 1 - -6 . <Y:h;ua. K. et u 19«)7. 1 'roi^gy 

"i n;:,. ;p.e auunal modei ...f hu.- au-euho:: ;n which the gi if: de%eu:ps 
liemaPLtiomadike lesions in human -.kin provides an ass:u" far the smeeumg o: iactors 
• * uromru die rroh - dm*: an and im. oludou • m d; 1: ions Such a metioo: is 
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determining the effect of: he ;es: compound on the progression or" the hemangioma 
v ;.j". el< :pmem and ao\hat:on Te:>: compounds winch promote involution or repress 
the normal hemangioma development observed in :ms model as detailed in the 
examples would be ;eiected candidates for therapeutic use. 
5 This invention also provides an assay which permits the development and 

testing or armiostatio compounds for the clinical management of other pathological 
states, such as cancers. For example, the invention provides a method for studying 
uimiogenesis or for .Greening a test compound for use in tissue repair or tissue 
vaseu.anzation whuh includes the steps of (a; providing an immunodeficient mouse 

10 carrying an engrafted mammalian tissue, said tissue infected with about 10 pfu/cell ot' 
a recombinant replication defective virus, said virus comprising a selected growth 
factor gene under operative control of regulatory sequences which direct the 
expression of said growth factor in said tissue prior to engraftment onto said mouse, 
(b) contacting the engrafted tissue with a test compound; (c) observing the effect of 

15 the compound on growth of fibroblasts and keratinocytes and angiogenesis in said 
engrafted tissue, and (d) comparing the effects of step (c) to the engrafted tissue 
without the test compound. Such an assay may employ conventional assay reagents, 
and is within the skill of the an given the teachings of this invention. 

The following examples illustrate the components and method of this 

2 0 invention, and do not limit the scope of the present invention, which is embodied in 
the appended claim;: 

f XA N 1 PLE 1 CONSTRUCT ION' AD'VEOF AND AD-PDGF 



A rermcation- 



•defcivru adenovirus :vne 5 ( Adr ) contanona VHG 



The VEGr... gene |C. Tocner ,7 ,G 19') 1. I Bio l. Ch em. , 1 A>.:' 
:e also Geubam: A.\:;*s. ; NV- \1(0^ * 30 TV previously amplified h'- 
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( Sirutegene, LaJoila, C.-\). was subcioned into the EcoRi/Xbal site of a NotI-mocif:ed 
pSL301 vector (Gene Therapy, Vector Core, l ! niversit\ o f P e n r. s >• 1 v a u i a, T h e Wistar 
Institute ). The resulting piasmid was cut witr. Norl. subcioncd into the Not I site or" 
riie adenoviral vector pAdCMV (Gene Th.erapy \'eeror Core. F'niversity or" 
5 Pennsylvania ). and cur with E coll I to determine the orientation of the Vr.GF gene. 
The resulting expression piasmid contains: 5' - 0 to 1 adenovirus type 5 map units 
(containing an inverted terminal repeat (TTR) and packaging signals), a 
:\ tomegaiovirus intermediate eariv (CMV) promoter and SV40 poK adenylation 
sequences ( PAS k the VEGF ;:1 gene flanked at the 3' end by map units to 15 of 

10 adenovirus type 5 sequence, the remainder of the piasmid being that of a pCC derived 
piasmid Such plcibuiidb and die Lechriiques for generating them to contain other genes 
are described in the art [see, e.g., K. Kozarsky ei ai 1994, J Biol Chem , 269 ; I 3695- 
1 3702. X Ye et a!. 1996, J, Biol Chem , 27J_;3639-364b, and Mulligan, cited above] 
DNA of dL7C01 Ad5 lacking the El and E3 genes [Ranheim, T.S., et 

15 ah 1993, J Viroi. 67:2159-2167] was cut with Clal to remove map units 0-2 

according to procedures described in Mulligan, 1993. cited above, and calcium 
phosphate precipitated together with 10 ug of Nhel-digested pAdCMV containing the 
VEGF gene in the sense orientation. This DNA was transacted into human 
embryonic kidney 293 cells [.American Type Culture Collection] which contain the Ei 

2 0 gene of Ad5. Cells were incubated with vectors in serum-free medium for 2 hours 

and serum was added to a final concentration of 10%. .After 5 hours, 293 cells were 
subjected to a 10% glycerol shock for 2 minutes in serum-free DMEM. Cells were 
grown overnight in DMEM with 10% FCS and overiayed with 0.8% agar CD1FCO, 
Detroit, Ml ) u: Eagle medium < CTGCO-'BRL Grand Island. NY) supplemented with. 

2 t 2° > FCS and ' 5 rr.M McCl- Fresh o\ erlav was added e\ erv -i da;, > until individual 

demcrod in Fig , and. the resulting mauues indicate t ho development of a recombinant 
\iruses containing map units 2-1 of Ad 5. followed by the cassette sequence containing 
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■' J I to : :o i with the dl 1700 ! E3 deletion) [A. J Bett ,7 aL 1993. J \rv , '\. 5 • 1 i- 
r l '2 1 Plaques were expanded in 2°3 cells irown in 3 5-mm dish.es and fresh medium 
was added ever; other day until the appearance of cyto pat hie effects Cells were then 
harvested and adenoGrai DNA was isolated. 

The DNA was cut with BamHL electrophoresed on a l°o agarose gel 
ami analvzed bv Southern blotting using the EcoROXbal fragment of the \TIGF gene 
as the template for random priming using [* : P] dATP to select positive plaques. After 
two additional rounds of plaque purification to eliminate contaminating viruses that do 
not contain the VEGF gene, and Southern blot analysis, a single plaque was selected 
to obtain a large preparation of recombinant adenovirus using 50 X 150 cm" tissue 
culture plates, l ite. resulting recombinant virus, Aa/VhGl* (or Ad/ VEGF), was 
purified by cesium chloride gradient ceritnfugation and titrated as plaque-forming 
units (pfu) on 293 ceils overlay ed with agar This plasmid is used in subsequent 
examples. 

B. AdPDGF 

Ad/PDGF was constructed by analogous procedures as described for 
VEGF, except that the PDGF-B gene [T. Collins ct al 1985. Nature , 316:748-750. 
Genbank Accession Nos. MSSISA3-7, MSSISIo] was the foreign gene See, Fig. 2 

A 12 Kbo Pst L'Eco Rl cDNA fragment encoding the entire open 
reading frame of the hull length PDGF-B cDNA (Dr. B. Westermark, University 
Hospital, Uppsala, Sweden) was sub-cloned into the Pst I/Eco RI digested. Not I 
modified plasmid pSL30l (invitrogen, Carlsbad, CA, Vector Core, University of 
Pennsylvania) The resulting plasmid was cut with Not I (Promega. Madison, \V\) and 
the tfaurnem suhcioneu into the Nut! restriction site of the adcn-v:ra. vec^^r 
o-\.:( \1V-1. ink 1 [I*; K -:.;V. ; ;/ l*>93. S noo < V. VN < r o:tot.. 1 • * - < - : .y 

o VdCMY. was select 2 tor use in the co transtection assay 

pAdCV'V v.;is ;;;:t with Xhel (Trone'O) arc co -trans tec ted into ho ma: 



ceues j'l S Ranheim et al. cued above! via calcium phosphate precipitation 
(RoserreL:, M A. c: 1991. Science, 2:^2 A3 1 A:%r 2 hours incubation m 

scrum- free DM1:M, 1 0° o FCS (, Sigma Chemical Co , Si. Louis, MO) ua.> added lo the 
cells. After a ll:rrher 4-5 hours, the cells were Subjected a 10% glycerol shock tor 
5 2 minutes in serum tree DMEM arc then grown overrent m DMEM w;th 10% FCS 
Alter this time cells received a 0 S% agar i'DIFCO Lab, Detroit. MI) cverlav of basal 
Eagle media (GIBCO/BPX;, supplemented with 2% FCS. 0 5 mM MgCb and 
antibiotics. Fresh overlay was added every 4 days until the appearance of well defined 
and isolated plaques (typically around 16 days). 

10 Plaques were expanded in 293 cells grown in DMEM containing 10% 

FCS with fresh media added ever/ other day until cytopathic effects were observed 
Cells were then harvested and putative adenoviral DNA isolated as previously 
described [B Hirt, 196", J Mo!. Biol . 26:365-369]. The isolated DNA was digested 
with Bam HI (Promega) and the presence of the PDGF-3 gene confirmed by 1% 

15 agarose gel electrophoresis followed by Southern biot analysis using the Pstl/EcoRl 
fragment of the PDGF-B gene as a probe Positive plaques were further cloned by 
limiting dilution and again identified through Southern blotting. Recombinant 
adenovirus Ad/PDGF (PDGF-B/ Ad5 or AdCMV-PDGF-B) containing the PDGF-B 
uene was assessed for protein production by Western blotting Ad/PDGF virus was 

2 0 expanded on 100 150 enr tissue culture plates and purified twice over cesium chloride 
step gradients using ultracentrirugation. The final plaque- forming units (PFU) of the 
virus was determined by titration on 203 cells under an agar overlay [F. L. Graham e( 
1973, Virol , 52.456-4o T ]. The viral band was dialvzed against PBS and glycerol 
a ri..\! : 1 V A> and stock voo; • u.p:c;:"- I \ \ " p a. :e rnory wwi, ( p*2% of; 

: - 7 w is kept at -:n (.' until u<e 
C .T;7A.v,C 

AuAu% (also Ad, I.ac/. or A,:-v MV-LucZ:- v% as jxj:;: -,: from < I he 
instume for Human Gene Therap;.. Vector Core. Vur/ers.tv or' Peru, A . a::;a) 0 ,. an 
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these examples .is .1 control This v.rus was purified by cesium chloride centrifugatier. 
and the 1 1:1:1'. pbque-forming units '. PFIO were ccicrrr.ir.ee: by ti:r:i:ion or. 2°3 ceils 
under an agar overlay [F. L. Graham e: ai, cited above]. 

EX AMPLE 2 HI 'MAN SKINA 1 QLS F CHIMERIC MODEL OF THE EFFECTS 
5 (,) F AD VE GF ON NORMAL H L'MAN SKIN 

This experiment demonstrates that the Ad/VEGF vector of Example i 
transduces the VEGF gene to all skin ceils at high efficiency and induces a strong 
increase in human blood vessel formation when injected into normal human skin 
urafted to immunodencient SCIE> or RAG-1 mice. 

10 Human skin has a very unique architecture which differs from murine skin in 

both epidermal and dermal structures. Normal human skin can be maintained alive 
and functional when transplanted to animals that are unable to reject these grafts. The 
severe combined immunodeficiency disease (SCID) mouse lacks a T cell response and 
has onlv an aborove B cell response. Grafted, full-thickness human skin remains 

15 histologically intact with minimal infiltration of murine mesenchymal ceils. In 

addition, human or mouse inflammatory cells are free to migrate into the grafts. The 
human vasculature remains intact by anastomosing with mouse vessels, and human 
blood vessels can be induced to sprout and infiltrate secondary grafts such as human 
or mouse tumors After wounding, human skin grafts show the same patterns of 

2C expression of adhesion receptors and extracellular matrix proteins as skin after 
wounding in patients. 

Thus, the human skin/mouse chimera model is superbly suited to investigate 
s\ stematicalL' the pathogenesis of de: : red skin diseases such as melanoma 'V~ of 
voomd bealmu .is a f.rs: step m de\ eloping new strategies f u" therapv 




dx X; -f 7 hours .xt-r s..;r_-erv xlkx; is xutared in riace, and oniv with complete: 1 , 

healed _rafts are ir.cindod in the experiments, gcrieixiih after 3 to 4 weeks The take 
■rue ror grafting of rldl-thickness hi; mar. > k i ;s approximately 8 5" - on nude mice and 
over o% on SOD or RAG- 1 mice. 
5 The histological appearance or' rive human skin is normal, including 

n reservation oh the epidermal structures (stratum corr.eum, stratum granule sum, 
stratum spmosum, stratum basal is. and rete ridge pattern) The dermis shows intact 
superficial and deep microvascular plexuses The papillary and reticular derma! 
collagen appears normal with norma! spindle ceil (fibroblast) activity (not hyper- or 

10 hvxoceduiar). The human nature of the cells in the grafts was confirmed 

immunohistologicaiiv using antibodies specific for human endothelial cells, fibroblasts, 
keratmoevtes, and melanocytes. Mast cells (identified by anti-chymase antibodies;, 
Lanuerhans cells (identified by anti-CD la antibodies) persist in the skin for at least 6 
weeks; melanocytes for the life time of the graft. Additional markers used for 

15 confirmation of the human nature of the cells in the grafts were human- specific aiu 

sequences stained bv in sua hybridization and the characteristic nuclear staining with 
Hoechsi dve with readily distinguishes murine from human nuclei. 
;V. Gene tmnsauctiott. 

Based on experiments with recombinant adenovirus containing the 13- 

2 0 gaiaaosidaso (LacZ) reporter gene (Ad/LaeZ), between about I 0* to 10 11 Ad/VEGF 
pfurer injection of i xO ul is used into the human skin. In large grafts of 2 cm - , 
growth and control viruses are injected into the same graft in opposite areas. Smaller 
u rafts are injected with one recombinant virus to avoid potential cross-contamination 
, . i xxt virus is i imkix xx e i ::: : X ".A". H v '\ A : \and 'X'f 2 



i : - is m fx •• rxx x've : at each hx-pw X;xe p x a t a., e ■ Xie sx:xcc* 
maintained for c>. rtmueu orseix at;u:t ::xopsie:-, are taken or. uay^ . , I, -P 
x - ma An ide:tt....k r.udxxe of the kx-ps\ k> f vex f : 

- -xxx and x? x/'/ h\r rahdarior. or rwxxl v: f -malm and embedded x; 
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naraffm. fur mcrpnologicai anaivses These preliminary experiments determine the 
^pf inal viral dose lor transduction of dermal cells. 

I n one e \ per: in e n t , t h in h u m a n skin was g r a ft e d onto the dorsal su r f a c e 
of 24 SCID mice within 43 hours of excision Thirty days postoperatively, human 
5 Srim survival was confirmed and 100 a! of either saline or adenovirus suspension (5 x 
I0 1 PH_', containing PDGF-BB. YT.GF, or LacZ ( control) was injected intradermal!;,' 
(n "6 per group) The animals were sacrificed at days 3, 7. 14, 21, 2S, and 35 and 
gross observations were recorded at each time pom: prior to sacrifice. Sk:n samples 
were obtained for standard histology and lirarajno hi sto chemical staining. 

10 The gross appearance of Ad/VEGF infected grafts showed diffuse, 

raised, vascular lesions with a "hemangioma-like" appearance as early as 36 hours 
post injection. Representative samples demonstrated a ten fold increase in size at 3 
da\s nost-injection which plateaued at 7 days and remained for the duration of the 
stuiv. Histologic evaluation of VEGF specimens revealed extensive proliferation of 

15 human and mouse endothelial cells, human fibroblast proliferation, and profuse 
neoangiogenic changes. 

Grafts infected with Ad/PDGF-B revealed significant soft tissue 
growth, but with a less erythematous appearance. Histologic evaluation confirmed 
these findings, revealing profuse human fibroblast proliferation and moderate 

2 0 endothelial ceil proliferation Collagen analysis yielded predominately types I and 111 
The gross and histologic soft tissue changes observed in the PDGF group resembled 
proliferative scar tissue. Both groups showed epidermal thickening with exaggeration 
of ire rete ridges 

Results with Ad VFGF /// viw aemor.strate a strong cellular response 
25 ^ \ i '■>* pfu t plauue forming units J mduce alter intradermal injection a vascular 

da%s, when these initial experiments where terminated The "hemaiigioma-h.-.e ' .esio-:: 
remained localized to the injection site Control virus (Ad, Lac/) cud not ir.uuce an- 
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increased bleed vessel formation and some edema The edema subsided after 2 weeks 
whereas the newiv formed blood \essels persisted 

The me:hod of this invention utilizing recombinant adenovirus 
carrving VEGF Mgrnfxantiy increases the growth of human sort tissue and has a roie 
5 in accelerated wound healing, tumor modification, and ;car tissue manipulation 

EXA MPLE 3 IMMl .VOHIS TOL OGIC \L AM) HISTQCHEMICAL 
EXPERIMENTS 

Immunohistological and iiistochemicai experiments confirmed the human 
nature of the newly formed blood vessels described m Example 2. Hematoxiiin-eosin 

10 staining of sections of human skin aneciec with 5 x iG" pfu Ad/VEGF from biopsies 
was performed 3 days, 14 days and 2S days after VEGF transduction with Ad/VEGF. 
Sections of human skin grafted to SCID mice, 3 days after injection with Ad/VEGF 
were aiso stained with MAb against human B3 integrin subunit, or with \LAb against 
human PEC AM- 1 , or with MAb against human MelCAM. Sections of human skin 

15 were also stained with Hoechst dye. Staining of section with Hoechst dye indicates 
the typical nuclear pattern for human cells with individual mouse cells present. 
Staining of the s:irre human graft was also done with anti-murine PEC AM- 1 . Murine 
blood vessels were stained with anti-murine PEC AM 13 days after subcutaneous 
i nj e ct i o n of Ad / \ ' "E G F . 

2 0 Endothelial cells in the sectiens were reactive with human-specific monoclonal 

antibodies (MAb ) denning 133 integrin subunit, PECAM-1, and MeUCAM MAb 
specific for mouse PECAM-1 stained oniv occasional endothelial ceils The staining 
pattern of nuclei with Hoechst dve aho eon firmed the human origin of the cells 
i::;cc:; :i .u" Ad. VEGF, on the other hand, suhcut.mevo: >ly into ncn-grafted mice 

- .ooo o bv A i YEGF abo activated receptors 

An alternative assay tor gene expression is the c election of noio-A bv ir. s:::t 
ii\brio.i/.ation. 'Lois assav is useful i: cells secreting VEGF or an other gr.wvth factor 
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factor DNA or human aiu sequences) is cippiicd to formahr.-fxed. p a r a ffi n - e m n e o d e a 
tissue sections Staitf.raa is done with streptavidin-horseraaisn peroxidase and stable 
diaminobenzidiix. ana counterstamed with aqueous hematoxihn 

EXAMPLE WESTER N B LOTS 
5 In;// viiro experiments, A d / V E G F i n fee t i o n of h u m a n fi b r o b last s an d 

bioloaiealiv eariv human melanoma ceils transduces the VEGF gene and induces 
svnthesi;, and secretion. WM-23 9A meianoma cells were transduced with Ad/YEGF, 
an adenoviais vector carrying a B-galactosidase marker gene (Ad/LacZ) or mock 
transfected A Western blot of non-reduced supernatants from these ceils using a 

10 monoclonal antibody (mAb) specific for VEGF is shown in Fig. 2A. The mature 
VEGF Pi , immature forms and various dimeric forms were identified. 

After the same supernatants were subjected to reducing conditions, the 
Western biot of Fig. 23 showed the mature and immature forms of VEGF i:: . The 
secretion rate of VEGF 4S hours after transduction of 293 cells at 10 m.o.i. 

15 (multiplicity of infection) was between 5 and 3 tag/mi. 



E XAMPLE 5 CHARACTERIZATION OF CELLULAR RESPONSES 

The cell types that comprises the skin after VEGF over expression are 
identified using standard histological criteria and immimohistology for detailed 
identification (see Table 1 ). For identification of fibroblasts, antibody 451 (Table 1 ) 
2 0 was developed Balb-c mice were immunized, prior to fusion with P3Xo3 Ag3.sp2/0 
mveloma cells, with norma' human fetal rlcroblasts The resulting hybridoma secretes 
an laG kaora ariuboa'o winch hind.'* f.br T-iasts, and .iocs net crossreac: with o: nur 
ceils in the skm 



Tabic 1 Identification of human skin coiis and ir.oi;.>e macr 
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Fibroblasts 

Keratinocytes 

Endothelial 



Melanocytes 
15 Granulocytes 

Monocytes (human) 
Macrophages (mouse ) 

2 0 Lamuerhans cells 



Anuuen 



gat; 



A:runou\ 



45 1 

GA733 



Mel-CAM A32 
PECAMGf human) 
PEC AM- 1 ( murine ) 
33 mtegrin SAP 
av!33 " Nu4il 
PAL-E(lvmrh) 



gp / > 

Lewis X 
N'CA 

GDI 1c 

CD! lb 



TA99 

29-1 
20-" ^ 

ami-Leu-M5 

Ml/70. 15 

4 A ^ 



CDib 

KLA-DR !3-T 



N i-.-e 

IgGl 

lgG2a 

IgGl 

IgGl 

IgGl 

IgGl 

luG-a 

IgGl 

IgG2a 

IgM 
IgG2a 

IgG (Coulter) 

IgG (ATCC 
TTB12S) 

IgG2a (Biosource 

I no I 

IuGl 



EXAMPLE 6 R OLE O F VEGE E X WOGND HEA L ING 

\'ascular:zation is an important component of ring wound healing and tissue 



ornduciug growth factors; and in) 2- to oc in s later w::e:i a granulation resp*. -use 
has been initiated and fibroblasts :ro e begun migrating into the wound area. Virus 
infection is accomplished by immersing vims I'Ad/YEGF or control preparation 
Ad. LaoZ) into wound and intradermal injection with a 30 gauge needle The wounds 
5 are covered with a non-adherent petroleum gauze, then with TegadernTo for 2 days 
onlv Biopsies are taken on days 2. 4, and 7 after wounding. 

EXAMPLE 7 Ad/VEGF LVFECTION OF FIBROBLASTS 

A. Preparation of fibroblasts . 

DMEM (GIBCO/RL, Grand Island, NY) supplemented with 10° "o FCS 
iu (Irvine Scientific. Irvine, CA) was used for culture of numan dermal nbrobiasts 

(TF302 or FF2209). FF302 fibroblasts were grown to 90°'o confluence and then 
washed and subsequently resuspended in 0°'c DMEM. AdYEGF (5x10° PFU/mi; 
Example i ), AdLacZ (5 x 10 9 PFU/ml; Example 1), or equivalent amounts of media 
was added to the cells at a multiplicity of infection {MOT} of 20: 1. and fibroblasts 
15 were incubated for 2 hours. The cells were then washed, resuspended in 0% D\£EM. 
and incubated tor 24 hours. .After this time, cells were collected and placed into a 
cold liquid mixture of 10% DMEM and Matrigel (100 ^gs Matrigel / 1.0 cc DMEM). 

B. W estern blot analysis 

FF302 human fibroblasts were washed, resuspended in serum- free 
2 0 ('0%'» DMEM, and then infected with adenoviral construct or an equal amount of 

saiiua for 2 hours. Following this incubation, ceils were washed and resuspended in 
DM.EM 0% Serum-free super a at an: was collected after ~2 hours and 50 uL was 
heated to ; • . < 1 ( " for 10 minutes in ar. equivalent amount of SDS sample buffer ( '0'% 
SP.v 0' o:\, F::s ^p: i ■ ■ iwgb, rjrof i 2 5 rug ad brcr::ophe::< d blue. 5' 1 o i v \ } 

do •: . dob 0 = a PVbo" membrme Cwblipore Co; ;: , Bedford, MA: < • e; nab; a: 
Y ar.C then b.dooeb for 2 hou- wrdu 2 : BSA in PBS containing 0 05" \ Tween 2b 
Too membrane '.wis the:: incubated at RT first with rabbi: ar.ti-human monociono! 
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vctu .:, anurab/it IcG iabeUu with aixaime phosphatase (Jackson Immuiio 
Research Laboratories lr.L , V\ est t ; ;-'M'. FA) tor 2 ::.•::•> each. Following thorough 
v. asumu of the memnrane. v xmakxatic n 01 bands was accomplished by incubation in 
^-broirm--4-ch:ciro-3-iudoly; phosphate and nitrohim; tetrazolium (Sigma, St. Louis, 
5 MQi as chromogtm and substrate, respect] rely 
( Rjsut!.\ 

Over express: on of Ad VEGF by cultured FF caused no significant 
autocrine cell growth increase over - hat of controls Upon Western blot analysis, 
Ad YEGF-iutected FF expressed predominate bauds at approximately 14 kD and 18 

I,: kD under reduced conditions, consistent with VEGF protein production in its reduced 
form A positive control eel! hue ( WM23VA; which :s known. ;o heaviiy cvpaess 
VEGF protein upon infection with AdVEGV was used for comparison. Infection of 
two different lines of cultured fibroblasts (FF302 and FF2209) showed identical 
production of these two bands Cells treated with AcLacZ or saline failed to show 

15 any detectable levels of VEGF protein. 

EXA MPL E S- HUMAN SKIN GRAFT ING 

Serum immunoglobulin levels uf SCID mice (GDI 7 ; The Wistar Institute, 
Philadelphia, PA) were verified to be <3.C ,^g ; ml at the age of 6 weeks by EL IS A :o 
2 0 ensure adequate immunodeficiency. The SCID mice (6-S week old J were 

anesthetized with a ketamine (20 ma'cc) . xylazme (100 mg/cc) /' acepromazine f 10 
mg. ee) cocktail and an elliptical 2— cm 2 fuih-thickness cutaneous defect was created 
on the dorsal torso as prevousiy described [Soballe et ah 19 q o] Human skin was 
o.'mumed fro sr. tmdomanopkisty e rerat : ous performed m. a single surgeon and was u>eu 
- f • ura:"::m; w : • 'am > ho.;r * of evsvhor T ve huxum abdominal skin was cut int. ■ 

ueouai iaver for an iwraue thickness of 1 ' cm and sutured :u pxtce won a 
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Each cell suspension 1 0 S jo com mied T v ' f brohia: ts in a 10° i 
; )\1E\1 .'Matngel mixture kept 0:1 ice unti' u^e to prevent premiture gelling. One ceil 
oisponsion mixture was used for each graft. Fibroblast eeii suspensions were 
previously infected with Ad/ VUG In Ad, Lao', or no virus < ::iock) as described in 
5 u x a mpie ~ at: o v e Prior to e 1 o s u re o f 1 1: e ru nr.ing suture, 0 . !> c e c f e 1 1 h e r Ad/' \ ' H G F- 
:n rected. Ad/LacZ -infected, or mock -i rue; tei fibroblast cell suspensions or a saline 
control was pipetied into the pocket between the murine dorsal surface and the 
ancersurraee of the human graft u: "- 8 per group ) The running suture was then 
completed and the grafts were covered with Vaseline Gauze fitted to the size of the 

10 graft A semiocclusive dressing (Tegaderrn, 3 VI, St. Paul, \fN) was ci reu referential ly 
applied to each animal and was removed after 7 days, iladi oage comamed at least 
one graft from each group Mice were photographed and sacrificed at weeks 1, 2, 4, 
o, S, and 12 for hi sto logic and i mmu no hi s:o chemical analysis of grafts. 

At the above indicatec time points mice were anaesthetized with anesthetic 

15 cocktail for photographic documentation of grafts, and then sacrificed by CO : 

inhalation Skin grans were dissected free from surrounding murine tissue down to 
and including the dorsal fascial layer All specimens included surrounding areas of 
murine skin, so that histologic examination of the human/munne junction of the grafts 
would be possible. Grafts were bisected both horizontally and vertically so that all 

2G areas of the graft could be examined Half of the specimen was fixed o\ernight in 
1 0 l) (j neutral buffered formalin at room temperature, proper!;/ processed, and 
embedded in paraffin. Replicate serial sections ft cm each of the paraffin blocks were 
stained with hematoxylin and eosm. The other half of the grafts w ; ere en/bedded in 
OCT medium ( Mdes, Elkhart IX ». snu::-lro. T eii in liquid n tr^gen, and stored at 

.. -~0 < frozen sections w e: j \ •••e/'i- r..\: a: ; or: ami used :or 

munch : , omemi ou an. ah sis 

B - ; v— :-v.:e mim/dr-oh: • • : / < 1 : -^m- N . - - ' Z c :b ro h . ; ,mpT.m f r : 
muvute to paraffin. :.ect;o;is in orde:" t : establish the species o f 0 ngm o: oei.s :n the 
_satt.i immunobii.-tooiiemicai auab. sis on frozen sectims microns ■ w a.> performoj 



sections w ere air-dned on positive:;/ charged glass slides, rlxed in acetone at room 
temperature tor io minutes a: RT. then blocked with ;0 n ; goa: serum for 10 minutes 
at 25 C Slides were v. a sited between each step in sterile phosphate -buffered saline 
[PBS', pH 7.4. Primary antibodies were placed over each section and incubated in a 
5 hurra di tied chamber overnight a: 4 'C -Viler thorough rinsing with PBS, sections 
were overiaved with a biotinvlated multispecies secondary antibody followed by 
thorough washing and application of label The slides were rinsed well in PBS. and 
then developed with chromagen 3, 3' -DAB and counter stained with hematoxylin. Cell- 
and species- specific monoclonal antibodies were used to characterize the resident skin 

10 cell types participating in wound repair, the inflammatory response, and the 

proliferative potential of nceno^'irus-treated and control skin cells. The an duo dies 
used in this study include monoclonal anti-human PEC AM- 1 and monoclonal 
anti-murine PECAM-1 to identify the endothelial cell and vessel species of origin All 
sections were analyzed and photographed with a microscope. 

15 The results of this grafting were as follows: The gross appearance of 

Ad/VEGF FF- treated grafts showed marked survival after one week as compared to 
controls Appearance of these grafts was nearly identical at one week to that on day 
zero Grafts treated with Ad/'LacZ Infected FF, mock infected FF, or saline had 
similar appearances a: one week, which showed evidence of early gran failure in the 

2 0 form of epidermal necrosis and epidermal ulcerations At two weeks, the Ad/VEGF 
FF-treated grafts began to exhibit signs of blotchy necrosis, how-ever. control grafts 
rev ealed a greater extent of necrosis with nearly complete ioss of the epidermis and 
papillary dermis At four weeks, all grafts appeared the same grossly, exhibiting a 
thi :k superficial eschar indicating superficial dermal necrosis, regardless of previous 



imepomts At one weeK a:, omv- snow en a ■. ar:n:\e .on m: : r an nu rrvu recro- : : 
md small foci of epidermal uicera: ;on. The;c was variable necrosis of aunexai 
•.tract ores i hair tc'acies and eccrme aland o A: the rase or tne charts, mere exist cl 
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treated with A J,. YEGF FF showed an increased number of small, matu re \ ascular 
channels in comparison to controls and grafts treated with LacZ FF. Also observed ir. 
tins grouo were collections of viable fibroblasts intermingled with neutrcphiis which 
appeared to have a more healthy appearance than those in the control groups. 
5 A' week two. all specimens showed nearly complete epidermal necrosis and 

call or or* t lie superficial dermis i' early necrosis ) There was an increase ir. the 
neutrophilic infiltrate and there existed no significant difference between groups in the 
vascularity in or around the grafts. Progressive dermal necrosis was observed at week 
four in all specimens. Early re-epithelialization was noted at the periphery of the 

10 ulcers Re-epithelialization progressed at week 6 and was almost complete by week 
emhi. At wee.\b eight and LWcive, vaoabiC ailiOuiUS Ot SCaJ tissue WaS prCSciu uO ti tC 
upper portion of the dermis. Normal, viable human eccrine glands and hair follicles 
were also seen at these timepoints Although all grafts eventually regained uniquely 
human adnexai structures, there was no significant difference between grafts treated 

15 with VEGF FF, LacZ FF, and other controls 

This example demonstrates the ability of adenovirus to mediate gene transfer 
to human skin The human skin/SCID mouse chimera model demonstrated both the 
response of human tissue to adenoviral infection and the nature of the acute 
inflammatory resoense. The effects of adenoviral infection and transgene expression 

2 0 on the rate and quality of human wound healing were as follows: Norma. s.<in 
architecture is restored in the presence of adenoviral infection equivalent to 
non-infected controls. Despite an acute inflammatory response after adenovirus 
injection, no demonstrable difference in the healing capabilities of wounded skin was 
observed, suggesting that ader.oviras-mediated gene transfer for the acceleration of 

2 i- w m m;i heoim c is feasible 
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Another, mere recent experiment confirms thai adenc virus- mduc ed YEGE 
over expression in human skin results in a rapid and dramatic hypervasealurizauou of 
5 the grafts, which was associate i with endothelial ceil inigra: on, pre id era t ion, and 
vessel formation. 

Human 293 cells were maintained in DMEM supplemented with 10°o PCS 
\VM23 C A human melanoma cells were cultured m MCDB 153 with 20" o L-15 
m e d i u m and supple men : e J w\ t h 2 m N I C a. 2° o F C S and 5 u g m 1 insulin H u m a n 

10 umbilical cord endothelial celh iHUYEC) were cultured in Ml 99 medium 

s u p n i em en ted vv ; t h 1 0% PCS and c n d o r n e i ; a i cell g r o wt \\ su t : p 1 1 u i e u t F u i v 1 1 u s 
infection, WM239A ceils were grown to °0% confluence and infected with either 
Ad/VEGF, Ad/La cZ at a multiplicity of infection of 2C: 1 or not infected in 
quadrupiiate 96-weii tissue culture plates for 2 hours. Culture sup ern at ants had been 

15 preincubated tor 1 hour at 22° C with neutralizing mAb against either VEGF or 
monocyte chemoattractant protein- 1 (ami -MCP- 1 ) at 5 tig/ ml Ceils were then 
washed and incubated in the absence of FCS for 72 hours, when the supernatant wis 
collected for endothelial DNA replication assays 

.After 48 hours, cells in 0.9 enr mierotiter wells were incubated with ['Hj- 

2 0 thymidine for 4 hours (1 u Ci/weh) and assayed for incorporated radioactivity using a 
f -counter after growth of HUV'EC in serum- free M 1 °° media with endothelial ceil 
growth supplement All assavs were dene :n quadruplicate in 2 Independent 
experiments. Secretion of VEGF bv transduced ceils was quantitated using an ELISA 
A: : HAD Svstcms. Minneapolis MNi 

a 15" ) 5 AS -p. a uc~ Icimce ae! under r aEaau a no :> reducing conditio us t ic . in tine 
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membrane overnight a: 4 ! 3V and blocked for 2 hours with 2° <i BSA in hBvC -.'5° > 
fweeu 2': The membrane was the: 1 , mcubated with a mAb reacti'. e against VEGr 

Grafting experiments were perfoimed :is follow s Human neonatal fc reskir. 
contributed by area hospitals was used for gracing within 48 hours after remov al. At 
aue X- 12 w k , re c o m b i n ase aetivatio n ge rie (Rag) - 1 knockout mic e . w h i ■: la h ave no 
mature B and T Ivmphocytes (the Wistar Institute Animal Facility) were anesthetized 
and A3 cm : full-thickness cutaneous detects were created on the dorsa; torso [Juhasz, 
I di c;/., 1993, Am, J Pathol , 1--3 528-53", Van, H C cr a/\ 1993, J /'lm. loves: . 
') 1 9S6-990 1. Full- thickness human skin was sutured in place. Mice were used for 
experiments after 4-5 week, when grafts were we:! -healed. The human foreskin 
xenografts were injected once intradenriajly with 5 ,\ 10* pLu/100 ul of eiihei 
Ad/VEGF or Ad/LacZ Mice from each group were sacrificed on days 3, 7, 14, 2S, 
3 5, and 4° for histological and immunohisto chemical analysis of grafts. 

Skin grans w ; ere dissected free from surrounding murine tissue and bisected 
perpendicular to the long axis of the grant. Half of the graft was fixed overnight in 
10° o neutral buffered formalin a: room temperature and paraffin-embedded. Replicate 
serial sections from each of the paraffin-embedded grafts were stained by hematoxylin 
and eosm (H&Bj. The other half of the graft was embedded in OCT medium and 
snap- frozen in liquid nitrogen Tissue was prepared for immunohisto chemistry by 
freezing in OCT embedding media (Allies, Elkhart, FN") and then cryosectioned at 
5 um 

Immuno histochemistry was performed on serial cryc sections by 
immuooperoxidase technique [Juhasz et a;. Van e: al, cited above] using an avadin- 
biotimpeo oiidase complex sv>:em ''Vector l ac , Buiiingamc, CA). and 3.3'- 
dumr.m;- benzidine a.- xnagecic substrate Tissue section - w :re i: y. -r.e-tixed o r 

< :;• • o' ; a: - ■' ' . \ . * . : the ro ..oh : n o:.- v. oh i ; B.x -ectioms won e . .v co w it:: 
:.o o; io* '• ami w -c v - • it I-zG f -r 3') :h;h.hw a* o\ o temper our- Afte: 
washmg, a\ idin- ; ob r:::-pcov;;aa-e complex w as codec for 45 minutes Slides wore 
rinsed well :n f'LAA developed woe 3 A -d:ammooem:id:ne and cc anterotameu kgnth 
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. iA^k S\ oems ■. • : c :oAb agamst iiuman ;\ao~ 00 viikoation marker i : ounuiioteca, 
YY--:Oor • . k. MkY. md m^use niA';: agam.,1 e;ti:er murme or human PECAM-I ( Dr S. 
Aibeida, Philadelphia. PA> 

The results of this experiment were as follows: Cells transduced with 
5 recombinant adenovirus Ad/ YEGF were induced to produce or secrete biologically 
active YEGF When assessed by Western blot analysis after no it -reducing SDS- 
PAGE. YEGF complexes of 56 kDa ( gi\ cosylated dimeric YEGF 1:1 o 32 kE>a 
< iieterodimenc YEGl-A containing one glycosylated monomer and one 
imu.vcesvlated monomer), ana 2S kCa (unglycosylated dimeric VEGF ;2 , } secreted 

1 o from WM239A melanoma cells or dermal fibroblasts. No detectable YEGF was 

released from Ad/ LacZ or uninfected cells Lnder reducing conditions, monomelic 
YEGF pro tern bands migrated only to IS kDa (monomenc glycosylated VEGF t . ; ) and 
Id kDa (monomenc unglycosylated YEGF.-,. ) The presence of different forms of 
VEGFp- follows the documented expression of glycosylated and unglycosylated 
15 forms of YEGF 1:! 

As determined by immunoassays, infected cultures secreted the growth factor 
at 10 ug'5 x 10' ceils/ml over a 72-hour period. Secreted \TEGF was biologically 
active, stimulating DNA synthesis of human umbilical cord endothelial cells more than 
two- fold and this activity was blocked by a neutralizing mAb to Y~EGF (Fig. 2). 

2 0 The result; of this experiment also demonstrate that Ad/YEGF induces 

i ; v t: e rva s c u ! ari z at i o n i n hu ma n s k i n . Ed s t o logy a n d i m mu noh ist oche m \ s t ry o f 1 e si o n s 
in human skin after Ad: YEGF mjecdon produced the following results Prior to 
injection, human neonatal tore:. kin crafted to immune deficient Rag- 1 mice was fiat, 
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\d injection, : : : e vascular sr.u as decreased in sute a::d were lined m 

endothelial ceils The intense erythema was maintained for at leas: 2S hays, gradunib. 
c:iu::uiug bv da\s to a pink co.or with glazed appearance The glazed, soar-like 
texture of the skir. was maintained :V:r at least an additional 3 weeks (eO days) A: oe 
= da\s the VEOT injected gran snows a redaction a: the number of vesse.s with a 

thinning of the epidermis and loss ot'rete r.dge structures indicative of scarring, edema 
:s no longer apparent and fibroblasts have repepulated the gratt. The histology of 
Ad/ VEGF injected grarts revealed involution <; f the vascular neoplasm at cO days wit a 
fibrosis and rejection in overall vessel nun: hers. Such involution resembles the natural 

10 resolution of hemogiomas. 

Skin grarts injected with LacZ/Ad showed none of the ciinical or histological 
features associated with hemangioma formation. In contrast, a: 3 days a::er Ad, LacZ 
injection, grarts showed no increase in vessel formation and showed mild dermal 
edema with a mild mixed inflammatory innltrate of mononuclear cells and neutrophils 

15 Injection of control virus Ad/LacZ did nor alter the appearance cf the xenograft at 
anv time after injection. The mouse skin during the experiment remained unchanged 

lmmunostaming of sections of grafts 3 days after injection with AdATEGF 
rev ealed intense VEGF reactivity, whereas sections of control grarts injected with 
Ad.LacZ showed no such reactivity. The increased presence of murine endothelial 

2 0 ceils relative to the Ad/LacZ injected graft was noted at 3 days No overall increase in 
the number of human vessels was seen between Ad/VEGF and Ad/LacZ injected 
gratis a: 3 days, suggesting the quicker response of murine vessels iron the 
yurre tmumg mouse vasculature to VEGF VEGF expression was detected mostly in 
the dermis w bale epiderm.al keraibmevtes did not stain with the VEGF mAb 

uraf.s miected with Ad. VEGF was olio to proliferation of murine vessel:, -a nich were 
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in toe control arsua a::.: ah.o ::t any - No increase in hi: man vc:-.sel 
nv'.i: erat: .an was «m served 'a;.a: aaumaong grafts injected with Aa \T ; GF versus 
oraiN injected wain Aa. Lac/, usmg a mAa agauot ::i;;rai PLCAM-l The iniikratia n 
■ M" murine vessels into human sk:n 1a prnbabiv due to the initial .ictivamon of murine 
a endothelial ceils and subsequent attraction of v esse is expressing rlk- 1 [Mi'Jauer, B, c: 
u/ 1994. Nam r e ( Lortd. ), 3T/ 5~o-5 7^j to the hum tin skin which overexpresses 
\T:GF Chemoattraction by VEFG of vesseis has previously been reported when 
KDR was stabiy expressed in porcine aortx endothelial celis [Yv'akenberg, J, et al. 
1994. .1 Di oi Chom ^?o : :rv.)SX-2fr y-)5] 
10 VEGF arapeared lo be expressed mainly by fibroblasts This expression pattern 

may follow the natural pathology ot Hemangioma formation in that cultured neonatal 
hemangioma ceils were found to secrete YEGF { Cohen, T ct al, 1996, J Biol Chem . 
271 736-741;. 

Supernatant from VEGF /Yd transduced ceils was shown to ce autogenic, this 
15 response was neutral: zed in the presence of a rnAb towards \TGF. 

This example demonstrates that targeted and focal expression cf VEGF in 
human skin after intradermal injection of Ad: VEGF provides a suitable strategy for 
use as a model cf neoangiogeriesis This mode! has advantages over tae rabbit [Li, 
WAV. ei ai 1991. Invest. Ophthalmol & Visual So , 32.2^06-291 i] or rat [Fourmer. 
20 G A. a al.. 1981, I nvest O n hthalmo s e c Visu al Sea, 21.351-354] corneal 

micro pocket assays for angiogenesis or tlie chick chorioallantoic membrane assay 
[Brooks. PC ctai, 1994, S cience . 2M; 5o9-57 1 ] which are limited because of their 
relevance to human pathology This model of \ascular lesion formation m human 
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FX \\m .P. X ADPDGF i\ I : 'A',\\ v<!N XTN^GR AFTS AND NORMAL 

In this example, a recombinant adenoviral vector containing the PDGF-BB 
uenu (Example 1 j was constructed and subsequently tested for its eflicacv in 
5 producing biologically active PDGF-BB in human skin xenografts and normal human 
fibroblasts, as well as its ability to mediate gross changes in the sk:n. 

A. secreted hy transduced human cells stimulates growth of 

(ihr r )k Lists 

Determina ti on of PDGF-B Produc tion bv WM 23 9A cells 
10 WM239A melanoma cells, maintained in MCDB 15? medium 

with 20° u LX5 medium supplemented with 2 mM Ca2X 2% PCS and 5 ug/mi insulin, 
were grown to 90% confluence. The cells were then washed and incubated with 
Ad/PDGF or Ad/LacZ (Example 1 ), in the absence of FCS for 2 hours at a MO I of 
20' 1 , a media control was also added. Fresh media with 10% FCS v^as then added to 
15 the cell 5 for 24 hours, after which cells were incubated for 5 days in serum- free 
medium. 

Western blot analysis was performed on supernatants (100 ul) 
from WM239A cells transduced with either Ad/PDGF, Ad/LacZ, or not infected and 
grown m serum-free media, at a density of 1 \ lOVlu ml' 10 enr tissue culture plate 

2 0 The supernatants were subjected to electrophoresis in a 15% polyacrylamide gel, in 

the absence (non-reduced) or presence i. reduced) of Xmercaptoethanol The gel w as 
elect rob lot ted to a poiyvinypyroii done (PVDF) membrane, which was incubated with, 
a 1. 1000 dilution of goat polyclonal anti-human PDGF-B neutralizing serum (R and D 
Systems, Minneapolis. MX) 

p/i WM03 V' melanoma jXs grown in tamo: medium without 

G X and m .... woi Ad .TT.-C iF ., cap.iXc > G - G mm urn.; . ma PDGF-L 
—-■-cm Western Xcttmo uepmte.i -To a - : \ a- V: PGGF- mneroatam di; X:wmg a 
PGGF-BB aimer migrating ;n the X s -. > 5 IX: a rar.ize. in the nor-: minced f um When 
me supernatant samuie was reduced i rig. GG monomeric PDGF-B is Xoym 
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2 Growth -r : — i:l:u;.^n c-f N!li--'H fhrnhiasts ; w PDGF-B 

i 'v c i exm/es.-^ \ 1 23 -' A ■ j e 1 i s . 

For calculation of secretion of PDGF-B by transduced ceils, 
dilutions of culture supernatar.ts were incubated with NIH 5T3 low passage murine 
5 tihro blasts f American Type Culture Collection ( Rock vi lie. MD)], (whiih had been 
maintained in DVIFM tGibco/BRL. St. Louis, MO) supplemented with 10% heat- 
inactivated bovine serum CHy Clone,) -nd antibiotics), in the presence or absence of 
specific neutralizing antibody. Ad/P DG F -infected VY\123 t; A supernal ants were pre- 
incubated at 22° C for 1 hour with either goat anti-PDGF-B neutralizing serum (5 

10 ug/rnl) or rabbit anti-MCP-i neutralising serum {5 pg'ml) Ad/LacZ infected control 
\VM23°A. suuernatants were p re-incubated with either PDGF-B or MCP-i 
neutralizing sera (5 ug ; ml) 100 ul of recombinant PDGF-B (R&D ) was p re- 
incubated with either goat anti-PDGF-B at 5 ug/ml or rabbit anti-MCP-1 at fug/'ml, 
and then incubated with cells for 24 hours. 

15 MH-3T3 fibroblasts ('2 x 10"*) were incubated in triplicate in 96 

well plates with lOOul of each \VM239A serum-free supernatant at the dilutions: 
1 1280, 1:640, 1:320. 1 160, 1.30. 1 40, 1.20, and 1 10 Cells were left tor 24 hours 
and DHj -thymidine incorporation into NIH 3T3 fibroblasts was measured by pulsing 
the ceils for 4 hours with I uCi of [Tlj- thymidine/0 0 enr well of microliter wells. 

2 0 The thymidine incorporation induced by a given dilution or culture supernatant was 
transposed onto a standard curve derived from known concentrations of recombinant 
PDGF-B B All assays were done in quadruplicate and repeated at least twice. 

The mitogenic activity of culture supernatant fr >:n transduced 
ceils was abolished bv the addition of neutralizing anti-PDGF-B antibodies, whereas 

activ.tv WW! 23 -A cell :r msducc,: v^rh PDC-F-B Ad^ produced PDGF-'dB at 
app- • vo...:eo : . a of a \ :"%elD over a "72 oour period 

in a DHj or mi sine incorporation assay, serum-free 
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dilution of ! 4'; when pre-ir.cuba:ed with a ncn-specihA neutralizing rah!::: polyclonal 
-.erafnug mi ;■ against monccvto che: aoattractant protein iMCPi^ ( Fiijl 5 A3). The 
st:riiL:lat:-„ n of N i ; i- >T3 cells was seen op to a dilution of i .32c* f Fig 5 A ;. 

In co irop a r: so ro when supernatant obtained from PDGF-B 
5 transduced adenovirus was pre -incubated in the presence of a goat neutralizing 

antibodv (fug/mi) to PDGF-BB. the level of [ FF thymidine incorporation was the 
same as that of the control supernatant from a Ad/ Lac Z transduction of \VM-239A 
cells, ore-incubated with either MCP-I or PDGF-BB neutralizing antibodv. When no 
antibodv was used in blocking thymidine incorporation, the levels were the same as 
10 those for pre-incubation with MCP- ' antibody (data not shown). The level of 

ScC:"eiiOu Oi PDGr-BL> VvaS shown Uj be 7 jug4;ii, aS ascertained aui'u [ I ij thymidine 

uptake for Ad/PDGF supernatant^ diluted 1 .80 or 14 64 and used on a standard curve 
from pH] thymidine uptake of commercial recombinant PDGF-BB ('Fig. 5B). 
3 . Proliferat e n t )f transduced fibroblasts 

15 The normal diploid human fibroblast ceil line FF 2030, obtained 

from a human foreskin preparation [Cornil, L el al y 1991, Proc Natl. Acad ScL 
USA, Si 6023-603 2], were transduced with AdPDGF or Ad;LacZ at a MOI of 20: 1 
for 2 hours in serum-free media Ceils were maintainined in DNfEM with 10% FCS 
media Initial FF2330 cell density was 1 x 10 6 .40 ml/4 0 cm - tissue culture plate. 

2 0 Plates were re feci with DMEM I0°/o FCS media every 3 day:;. Growth of fibroblasts 
was ivsuaiized after 10-12 days umoc Dif-Quick stain [Saboonan, M H. e! til, 199", 
r\incer ; 104:^-142] 

Normal human fibroblast:, transduced with. Ad/LacZ control 
virus show a flu morphoiogv and cells remain contact inhibited despite regular 
04; o.-nmr ; change P \.'.S. ;u:ture> mfectei v-4;r Ad 44 XIF have a spinoie, bipolar 

r"F3 ! ; Vo 4:.vroc!asts ;veo ! firs: infected with -\d PDGF i moi of 20 1 *. Ad, I .aoZ < moi of 
3 i 1 o • o mock and then :rvpsi:oz:4 t^ a single ^e'.l suspension. Ceils were then 
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N.-'hic ( 'J if. j !. supplemented with 2° j rCS and seeded in 5 5 mm wells c mtaining I 
m! v.ei! of > m G agar m ! \ DMIbA 1. 2° o PCS Alter 5 days, wells reoei'ved ') 5 mi 
DMF.M containing 2" j FCS After a tlinher 5 days, colonies were counted \ S cells or 
more; m 10 microscopic tieids. The average of 5 random fields at a \20 magnification 
was used :o assess the number of coio rues/field. 

When transduced cells were grown anchorage independently in 
sof: agar, fibroblasts expressing PDGF-B had a colony- forming efficiency of 8% 
whereas control cultures had colony-forming ability in less than 2° ■> of cells. Colons 
smc m PDGF-B-expressing cultures was 3- to 4mb!d that of control cultures 
B Human sk i / / 'aft expen n i ems 

Human neonatal foreskin contributed by area hospitals was used for 
grafting within 48 hours after removal. At age 8- 12 wk, Rag-1 (Rag-1 /Rag-! ) mice 
[The Wistar Institute Animal Facility], were anesthetized and 1-3 cm full-thickness 
cutaneous defects were created on the dorsal torso Full-thickness human skin was 
sutured in place. Mice were used for experiment* after 4-6 weeks, when the grafts 
were well -healed. The human foreskin xenografts received a single intradermal 
injection or' 5 x \0 A pfu/100 ul of either Ad/PDGr or Ad/LacZ. Individual mice also 
received a second injection after 2 weeks. Mice from each group were sacrificed at 3 
days, 7 days, 14 days, 23 days, and 35 days for histological, histcchemical and 
immunohistechemical analysis of grafts. 

Skin grafts were dissected free from surrounding murine tissue and 
bisected perpendicular to the long axis of the graft Half of the graft v*as fixed 
overnight in 1C% neutral buffered formalin at room temperature and paraffin 
embedded Replicate serial sections from each c: the paraffn embed sled grafts w ere 
oamca bv hcmaomvhn and e^sm, a^ well as Massmfs trxhmme The mher half 

■ ■ : me gr if: v., as ommcrided m O* "I mecaum .mi man -f: o/en. :u kg mm aim 7v .tw 
v. [ m .,o ;v : f immur. '::.<■ mimm: cry by f: -ecim: :a : :GT mc; mocha " 
Fir. bar:, L\ » and :i:en cryo>.ect:oned at 5 urn 

Gr c- ehamues in skin v. as m' served as Gilcw- 1 Turn: an ks — 



\\ ( > 3'M)J5 



IM I", l.'SVN *»44S" 



4 •; 

growth alter T dav^, warn compared to their appearance after injection w ith Ad/LacZ. 
;>r r :nor :o nrectio:; Alter 7 days, grafts injected with Ad PDGb remained raised, 
'A' ere erythrematous. and developed a glazed appearance a: the site of hypertrophy 
Bv 1 4 days the skin Lire ssly resembled either a normal transit: cent scar or a 
hypertrophic scar, with a persistent erythema at 21 days In contrast, no gross 
changes ;n skm grafts injected with Ad.'LacZ were apparent during the same time 
period 

Hypertrophic scarring of the human skin represents an abnormal 
response to wound heahng. There is a resulting human fibroblast proliferation, with 
subsequent deposition of extracellular matrix proteins and reorganization of collagen 
A limited amount of vessel formation also takes place Soft tissue growth of the gull 
is seen verv early, with phenotypic scarring of the graft occurring reproducibly within 
two weeks These results show that PDGF-BB is responsible for the fibroplasia and 
limited ang.oizenesis seen w ithin the formation of a hypertrophic scar 

To analyze histologic changes in the PDGF-B/Ad5 injected human 
grafts, sections were stained with H&E. At 3 days post PDGF-B adenoviral injection, 
skin sections show superficial edema, dermal hypercellularity, a mixed infiltrate of 
neutrophils and mononuclear cells, and irregular epidermal hyperplasia. The 
corresponding Ad.'LacZ control group evidenced sparse inflammation, minimal 
epidermal hyperplasia, and sparse evidence of the mixed infiltrate. By 14 days 
following Ad PDGF inj -action, the epithelium becomes thin with flattening of the rete 
ridge structures The fibroblasts align parallel to the epidermis arid inflammation :s no 
longer apparent. These changes resemble an atrophic scar with epidermal atropny, 
flattened rote ridge architecture and spindled fibroblasts aligning parallel to the skin 
-urfaoe Tic A.i LicZ cor.tro: go am at i days sh<w\s irregular epidermal hyperplasia 
j:.d o:A; :o:a. .* '.: i civ a o •: mooed inf amma: or;, of. nuhtram 

At .-5 ::o s -a- ^ PP' 'm-IV-Vd- noae-oa coo :a ao. com .:■ {•: i , 
\ c;: v, item the dermis m which tiie >rmdied fib robiasts are hapaaza;o;v arrangeo. 
which is not seen in centre !> Both Ad PDGF and Ad LacZ-imecteu grafts maintain 
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Immune hi stomemistrv was per formed 0:1 sen a! cryo sec: :0:1s bv 
:mmimcne:a x.dase techmuue Labelmu was obtained using :m avi om-motinperoxi aase 
complex svstem (Vecmr Lai' , Runmgame, CA), and 3 3'diaminobenzidine ( DAB) as 
a chromauemc so as: rate Tissue seen on-, were tirst acetone fixed for 10 in; notes at 
5 4 C, :iien or imam antibodv a as placed over each section and incubated in a 

humidified chain her overnight at 4"C The antibodies used in the study include goat 

oivcionai anti-PDGF (R&D Svstems), mouse monocional anti-human fvio? 
rrol iteration marker ( I mm una tech. YYestbrook, ME), and mouse monocional 
amidibrobiast ( prolme-4hydro\yiase) marker (Dakc, Caipmtena, CA). After 
10 thorough rinsing with PBS, sections were overlaved with biotinylated IgG ami-mouse 
or anti-goat [gG tor 3d minutes at RT. Alter washing, avidm-biotin-peroxidase 
v^omolex vvas added at a concentration of 1 100 for 4 5 minutes. The slides were rinsed 
well in PBS. and then developed with chromagen 3,3'-DAB and counterstained lightly 
with hematoxylin. 

15 At 3 days post PDGF- injection and staining with rabbit anti-PDGF 

antiserum, grafts showed widespread staining of dermis ( i.e., intense expression of 
PDGF-B ) and no staining of epidermis (x4^ The PDGF-B expression vvas confined 
to the dermis in proximity to the intradermal injection with minima! expression in the 
epidermis. In comparison the corresponding Ad LacZ injected graft, which was 

2 0 stained with anti-PDGF antiserum showed a lack of PDGF expression (x4) Three day 
cost Ad, PDGF injection and co dag en I and II staining with Mas son's tri chrome 
followed bv counters; aining with HccE illustrated blue staining. Thus, AcL'PDGF 
iniection resulted in a marked increase in extracellular matrix deposition as early as 3 
dav^ camparc .1 to the similarly xeatad \a. LacZ comma 

PDGF-'-, aa; 1 o . ,ion. i -1 aavs v. as haatea ta scat; area a n :ual 
i. i . . i.as am : 'a;, xmaa; ceils t ti.a \ 1 fa' 1 -a maectc 1 .m 1 maima cc. 'ho 
aei mul extiuceliulm nam ix ^a:: :i;a.i : a mux. en. ami : ' aaa. 2 1 ax an. a : 1 • a . p.,..ua a a • 
a ^c:\ea a-; cumenred :o me cammols 3" dav past Ad PDGF injection aad -.taming 
vt- ex r region m* the nrallfaraii ai marker kin 7 revealed intense stamina m the basal 
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assessment of human cellular proliferation by KutG staining revealed a strong, increase 
1:. pro [derating keratmccytes, when the gran w as injected with Ad. PDGr oiving 
both basai and suprabasdar cells at 3 da;., compared to the LacZ control iniecTcd graft 
a: .> days. The erYec: was less marked at 14 days but increased again a: Jo days 
^ Allowing a second injection of Ad. PDGF at Id days. Despite the hypcrcellular 

aopearance of the dermis, double labeling for dermal fibroblasts and expression of the 
proliferation marker Kio? showed that only a few scattered human dermal fibroblasts 
were proliferating. In contrast, epidermal keratmocytes continued to rapidly 
proliferate which would suggest that part of the cellularity at the injection site may be 
10 cue to either migration of human dermal fibroblasts to areas of PDGF-B 

overexpression, or proliferation of infiltrating mouse fibroblasts anc inflammatory 
cells. 

C Conclusion 

In both the fibroblast and skin graft experimental systems, growth 
15 recurred in a spatially and temporally restricted fashion. In xenografts gross 

morphological changes typically seen in healing wounds resulted from PDGF-B 
overexpresston, with a final stage resembling scarring. Transduced fibroblasts were 
transiently transformed resulting in proliferation and the formation of benign 
fibroblastic lesions (fibromas) in immunodeficient mice. The rib re mas regressed, 
2 0 which correlated with cessation of PDGF-B production. This example demonstrates 
tnai induction of endogenous expression of PDGF-B with adenoviral vectors 
accelerates the healing process in cutaneous wounds of the epidermal and dermal 
ceils. This may be particularly important in chronic, non-healing woun:s where 
PDGF is naturally poorly or not at ail expressed 
:-z L-'.ndogenous expression of PDGF-B m wounds our. urelwde wo.md 

— Dog o v.: res don of P D^ u " - : > r jsu.: ed ;;: a • ccanduladon o ; afl • .' no r : o cesses 

warrinc. Skin remodeling was induced that ci.nicaih. ana la. do. o ;u: n.\ resemnles 
-■earring as characterized by nTio reie ridges, anc. parage: reorga.mtation d 

: . . il:.i den s: ' :■- dure*-. The dir : d ..dd' ■ ; u human .dd . : ddi"dder:n o irr^dv:: .ov 
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preoumaumfv fibroblast.-; and endothelial ceik; k;:fe infection of keratinooytes 

v. as sec:;, so that most of me eifects derive from expression ;;: fibroblasts PDGF-B 
mediated both direct and indirect histological and morphological changes. At 3 davs 
post adenoviral infection the direct effects were apparent. High levels of collagen 
5 were found on i m mu n oh 1 st oc he rni stry through tri chrome staining, presumably 

accounting for the remodeling of the extracellular matrix protein seen after 3 days and 
consistent with increased collage:] seen in hypertrophic scar formation. 

Other histological changes most likely reflected the indirect effects of 
PDGF-B Keratinocytes lack receptors for PDGF and the epidermal hyperplasia ^een 
IG after 3 cays may result from paracrine growth factor secretion from fibroblasts; 

candidate growth t actors are most likely KUF or members of the EGF family such as 
EGF, TGFa, and H.3-EGF Similarly, increased angiogenesis or vascularization was 
presumably mediated by PDGF upregulating VEGF 

Expression of the proliferation marker Ki67 demonstrated 
15 proliferation. Importantly, the proliferative effects of PDGF were temporally 

restricted, with marked proliferation of derma! fibroblasts seen a: 3 days reduced by 
14 days, and no longer apparent by 3 5 days. Moreover, the histological changes 
following infection were con lined to the site of adenovirus injection and did not 
involve the entire xenograft: the growth stimulus was spatially restricted This 
2 0 circumscribed pattern of growth is distinct from that reported in the prior art, where 
PDGF overexpression in fibroblasts resulted in malignant transformation and 
fibrosarcomas in animals due to an autocrine growth stimulation [Yang e; al, 1994, 
Carm;ogen^sis, 1£.2 167-2 175, M. Pech el al, 1939. Pr oc Natl. ^ aaL^JESA. 

yy 2---v*-:'-H 

2: PDGF-B s-ecrcmu from transduced human cei's p. a d:me:;e molecule 

: . • 7 G ■ ; w'-uck res k\ -s e • : > reuueueo ue a monomer :.i G G_ku ;u 
.mrecmeu: wku me p red;ct:d :;o.u:;:!o: 'veigio fo: PDGF-B Ike PDGF-BB mm.: 
was found to be mitogerdc fe r :ue grove h of murine NIHG7. : ceil> The specified;.' of 
pus ' •" <• u \ > • ' • -u • -.vt ; show" v. ~ • w. • - was .fdated vom a - eutrak .*m a 
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:w stimulativci u the PDGF receptor on fibroblasts Fibroplasia was also seer when 
human tier ma! fbro blasts were transduced with PDGF-R, Ad 5 and grown in culture 
PDGF-B ; ra i :sd u ced in,: man fibroblasts had a propensity to form colonies :n soft agar 
( aporoximateiv S°o> The background level of about I -2° o in the controls is probablv 
5 attributable to either serum in the soft agar, know:; to cause anchorage independent 
growth in soft agar, or clumping of cells in agar during seeding resulting in higher 
survival rates The anchorage independent growth and dramatic increase in 
proliferation of normal diploid human fibroblasts, elicited by PDGF-B is indicative of 
tiie massive expression and transforming capability of PDGF-B. 

10 This is the first demonstration, to our knowledge that PDGF-B can 

transform normal human fibroblasts. When tne transduced cells were inoculated into 
animals, benign tumors well vascularized resulted, associated with a marked 
desmoplastic reaction, importantly, these regressed after 14 days. It is unlikely that a 
subpopulation of the cells formed tumors. 

15 The PDGF-B adenovirus permits expression of the potentially 

therapeutically useful properties of PDGF in wound healing while circumventing the 
potential dangers of oncogenesis. Endogenous expression of growth factors in an 
adenoviral vector is a comparatively n on- hazardous method for the delivery of 
potentially oncogenic growth factor genes to cells (predominantly rib rob lasts) in 

2 0 chronic non- healing wounds 

EXAMPLE i 1 EFFECT OF AD-TDGF-B ON WOITND HEALING IN ANIMAL 

MODEL 

The ischemic rabbi: ear model of impaired wound healing \ S T Ann o/ r*:, 
1090. Am: Piao Su ra , Z- i ~-Z3 j is emp'oved to test the effect of the PL>GF-B gene 
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.5. Isciwjrnc r'ar H'^'una 1 \UhUI 

An. ischemic e:ir was created in -vie -.Mr of 10-12 week old female New 
Zeai and white rabbi:.-; (Ace Ar.ini als > weaning ~-S pounds [Ann et al, cited abo\ e • Li: 
href animals were anestneuned using Ketamme ton mgnkg LM. For, Dodge Labs, 
For Dodge, IA> and Xviazine (5 mg, kg IM, Phoenix Pharmaceuticals. St. Joseph, 
MO) The hair thorn both sides of each ear was shaved and the ears prepared with 
betudire A circumferential incision was made 1 c;n distal to the base of one ear dow n 
through die perichondrium The rostral and caudal arteries were divided with 4-0 
Y-crv; suture (E:hicon Somervdle, NTj with preservation of the central artery and the 
rostral, caudal, and central veins The circumferential incision was then closed with 
5-0 Pioieue r>uLu 4 e (blihiLuu). Tlie wuuud was dressed wuii Tegaderrn (3M Health 
Care, St. Paul, MN) and the animal allowed to emerge from anesthesia. 

B. Effect of recombinant viruses and PDGF-BB on Rabbi: Fibroblasts 
Rabbit ear fibroblasts were isolated using a modification of methods 
described in S Goldstein et af 1969, Diabetes , 13:545-543. One day following 
creation of the ischemic ear, rabbits were anesthetized and prepared as described 
above. A sterile surgical punch biopsy instrument iMiitex instrument Co., Lake 
Success, NY) was used to create two 6 mm wounds on the ventral surface of both the 
ischemic ear and the contralateral nonischemic ear The biopsy tissue was extensively 
washed with PBS, placed dermis side down in 3 5 man plates, and a microscope slice 
cover slip placed over the tissue to hold it in place. The tissue was incubated for 9 
davs in DMiZM ! 0° o FBS with changes of media every 5 days. At 10 days the tissue 
was removed and the plates incubated a further 3 days Adherent fibroblasts were 
:hen removed bv tiwmdruzadon follow ed w expansion tnroivh serial passage 

Passage 5 fibroblast ; were goo,-, a o j ; mluvr.ee in ON! hi M I 1 A feia: 
::x,oao !h> i^o Al\l . s von no. vv.v : : 'on: ,o .. . . - 
O f '• • r " o'F ' ccd o' e sv vvvueivuo : . \.v v:/ \ ' ^V-FF or 
•. we . ontrol Cells v-re then w a.- ..en tvoee '-vith P3S anc v. : : : now v. 
DMvM containing v > Nutrinomn < ovemmger Mvmheim. uv.iar.aoolis. IN'. After 
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PDGF-BB nnnom i Sigma > Ar.er 4S hours, the stimulated vehicle lubrobia^ts, the 

A,: FacZ, and the -Vi/PDGF infected fibroblasts were processed for proli: erancn 
aroes^ment. total celLum RNA. or total protein. 
( h Prtjliferaimn Assessment 
5 Fibroblast monoiavers treated with PDGF-BB protein, A d, LacZ, or 

Ac./PDGF were incubated in DMEM 1° > Nutndoma containing 1 ,.XFmL [dl] 
thvundine After 4 hours the su pern at ants were removed, the cells washed Zx with 
PBS. and the ceils solubilmed with 1% SDS G 3 X NaOH. [ Ti j-ihyruidine 
incorporation was measured on a Packard Scintillation Counter (Packard Intrument 

10 Companv. Downers Grove, IL'j. Ail assays were done in quadraphcate The resulting 
oroliferation of rabbit fibroblasts infected with Ad'LacZ, Ad/PDGF, or stimulated 
with recombinant PDGF-BB protein are as follows Minimal proliferation was 
stimulated with 0, 1 or 10 ng/mL of recombinant human PDGF-BB or with any PFU 
dose of Ad/LacZ. Stimulation with either lOOng/niL of recombinant human 

15 PDGF-BB or 100 PFU Ad/PDGF resulted in significant increase in proliferation of the 
rabbit fibroblasts 

LK Total RSA 

Total cjfdular RNA from the wounds mentioned above was isolated 
using Tri Reagent [Chomzynski el aL 19S* 7 , Anal B ; ochem , 162 :5o-l 50] Briefly. 

2 0 50-1 0*0 mg of tissue was homogenized in 1 mL of Tri Reagent and allowed to 

incubate at room temperature for 10 minutes. The aqueous and organic phases were 
split with the addition of 0. 2 mL of chloroform and cemrifuged at 12A00 g for 15 
minutes at 4 3 C. The upper aqueous phase containing the RNA was transferred to a 
: 5 r.:l. microfuoe tube arm' the RNA precipitated with 0 5 mF of isoprommo! 

P.., : '; \ c.;c: r. it IN ' g for : r" minute, a: 4 "C i he is. or -pr.no i was 

rem. 1, and to: RNA oehv v .:-oe : with ; too ' ; f 1 ■> ";\::r 1 f I.ov.l 1 : 
■„ o.oi ■ r . r.: ~ . : 1 -.to • :m:u.tc< : 0 -r'lv..::: '': - : cm ;r.c 

RNA resuspended m diethyl pvro carbonate iDFPG ; treated water < Sigma; 
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Yves tern blot anaivsis wa.s performed on ceil I y sates from the rabbit 
fibroblasts mfecteo as described above with increasing PFU of Ad PDGr i:i 
non -reducing conditions as follows Fibroblast monolayers were lysed using Tris lysis 
buffer, run on a nonreducmg 1 2° o poiyacrylamide gel, and Transferred to a nylon 
m e i " b r a n e b v e ; e c : r o b 1 o t n n g . T he m e m bo n i e w a s b 1 o c k e d i n P B S w i : b. 1 0 :) o 
non-immune rabbi: serum overnight at 4°C and then incubated for 4 hours with a goat 
polyclonal antibody to human PDGF-BB ( 1 .400, R&D Systems, Minneapolis, MX) in 
PBS containing 10% non-immune rabbit serum at RT The membrane was washed 6 
times with PBS containing 0 Co Tween and then incubated for 1 hour with a 
biotmviated horse anti-goat < 1 :400 dilution. Vector Lab , Burhngame, CA> for 1 hour 
at RT. The membrane was washed with PBS and then avidin-biotin complex ( 1 3000 
dilution, Vector Lab ) was added for 45 minutes at RT The membrane was washed 
with PBS and developed with chromagen 3,3 , -diaminobenzidine (Sigma). 

The results of the Western blot arc as follows: No human PDGF-BB 
protein was detected in the uninfected, I, or 10 PFU Ad/PDGF/cell groups. However 
treatment with 100, 250. and 500 PFU of recombinant virus resulted in increased 
production of a 30 kD band corresponding to the size of purified PDGF-B. which was 
run in the control protein lane. This band increased in a dose dependent fashion with 
increasing concentration of adenovirus. 

F. Effect n/AJ-PDOF-B on Wound Histology 

In another experimental protocol, alter the creation of the bmm 
w.junds in the rabbits mentioned above, 10" or \ 0* panicle terming units 'PFU) of 
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.At j, "\ and 1 A aavs after w our.dir.g. the urids 'A cre kar\ ested. 

Wound tissues were :i\ed overnight in '. /% neutral buttered fomtaim at - ; C. 
bisected, and paraffin embedded or crv opreserved in 20° o ceruse overnight at 
followed bv embedding in OCT media (Nines, Llikhart, IN » for frozen sectioning For 
5 isolation of :otai cellular RNA full thickness skin down to perichondrium was excised 
in a 8mm radius centered on the site of the original wound, snap frozen, in liquid 
nitrogen, and stored a: -8' C for later RNA extraction 

For histological examination, serial 5 urn sections were obtained from 
each of the paraffin embedded wounds using a 30/50 microtome (Leica, Heeiburgg. 

10 Switzerland) Sections were collected on Superfrost Plus slides (Fisher, Pittsburgh, 
PA) and stained with hen"iaio\viiii and cumii ui wuh Mas son's tiichrome [P. Masson, 
1929, J Tech. Meth . 12:75-90]. On microscopic examination the epithelial gap, 
defined as the distance between encroaching epidermal elements, was measured using 
a stage micrometer I'Leica). The student's t test was used for assessing differences in 

15 epithelial gap with a p<0 05 considered significant 

Results of the histological examinations are as follows The ischemic 
rabbit ear demonstrated a significant defect in wound healing with minimal 
reepitheiiaiization and absent granulation tissue when treated with vehicle alone. In 
contrast, the non-ischemic rabbit ear wound has reepithelialized almost 5 0% and has a 

2 0 modest amount of granulation tissue. Treatment with 10' 1 PFU of Ad/PDGF/wound 

resulted in a modest improvement in wound healing with partial reepithehaiizat: or. and 
formation of a moderate amount of granulation tissue in both ischemic and 
non-ischemic wounds. Treatment with ! 0* PFU of Ad.TDGF per wound resulted in a 
<:gnincant improvement in wour.d healing in the ischemic :ar with near!;/ complete 

r 5 i eepithehalizatinn and an exuberant amount of gr irulation tissue Administration, of 
•'' ' ' ;-f \. : :0.b ;F net -mr.d n ■ - -n-owmcmic w c urds : esmteu in modes; 

.. ; : ;•• . : -on mo: b .on: n. ... ..>.".•/: this '/.a- n. t signif cantly i; : v .:o n; 

from :no vehicie troatco '.v;mi;ics Oho tune administration of . ; recombinant 
luiman-PCv iK-:-:B reunite:: in no drberence in wound granulation tissue or 
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freatmcn; of both the ischemic and iton-^chemie w,ur.d.- with !*■' or U* PFU or' 
AdLacZ also resulted in no ;mpro\ emeu: in v loi a ree;; if: ie!iaib:at;oni or granulation 
tissue formation compared ;o vehicle. 

The vehicle treated ischemic rabbi: ear demonstrated a significant 
5 detect in reepithelialioation, witn an epithelial gap of 3 -:1mm versus 2. 3i 1. 4mm in 

the non-ischemic vehicle, p* 0 Ofo Treatment with 10" plaque forming units (PFU) of 
Ad/PDGF per wound -esuited in a modes: improvement in reepitheiialization, with a 
decrease in the epithelial gap in both ischemic ( 1 .9+ 1 . Smin, p- 0 o3 vs ischemic 
vehicle) and non-ischemic wounds ( U^Lfrnm, p*'0.C7 vs non-ischemic vehicle'). 

10 Treatment with 10* PF'U of Ad/PDGF per wound resulted in a significant 

improvement in w ound reepiihehanzarion m the ischemic ear. witn a decrease in tne 
epithehal gap toO. 7-1.1 mm, (p<0 00002). Administration of 10* PFU of Ad/PDGF 
per wound to the non-ischemic wounds resulted in an epithelial gap of 2.8*0. 1 mm, 
which is no different from the vehicle treated wounds. One time administration of 

15 5,^g recombinant human Ad/PDGF resulted in no difference in wound closure 

compared :o vehicle with an epithelial gap or" 3*0.5 mm in the ischemic wounds and 
2 6-0. l ram m the non-ischemic wounds. Similarly, treatment with 1 0 6 PFU of 
Ad/LacZ resulted in no improvement in wound healing witii an epithelial gap of 4 1 
-2 mm ir. the non-ischemic wounds versus 5 1 ± 1 ! mm in the ischemic wounds 

2 0 Treatment with 10* PFU of Ad/LacZ did not improve wound healing in ischemic 
; j.S-2.5 mmicr non-ischemic wounds (5 2-0.2 mm) as measured by the epithelial 
gap 

( ./ i)eicc:u)n of Humeri PIX}F-HB Protein by Immimohistnohcmistry 
Parari i sections <rumO described in p.i't F above were collected on 
2 5 S,.pe: f: ■. o !hu ■> shoo , and incuhat oi for 2- - h> airs at 5: < ' Shoes were 

v : i.-o P.c\X-\ scric-. v ooo 'O. a jo o. etc: \ o 1 :oo. ,'o a;oi allows: :. :o" d : 
, oitiioo: e'v To eithonce ant men retrieval, the slides v. ere immersed in Tissue 
e'nmaovru F'.'oid ■ ]'• '!'. Ted Pc/c Inc. Redding. CA) and the placed in a microwave 



! I _ dilution i was performed fur Z'j minutes at room temperature (RT) follower bv a 
; 2 hour utcubatic n w:ih polyclonal: gear anti-human PDGF-B (RecD Svstems) at 4' : C 
The shoes were then washed with PBS followed by a second blocking step with 
methanol containing 0 3° n hydrogen peroxide tor 30 minutes at RT Slides were 
5 rinsed with deiomzed water, then PBS, followed by incubation will: biotinylated home 
ami -goat (' 1 2 r A) dilution. Vector Labi for 30 minutes at RT The slides were washed 
with PBS and avid in- bio tin complex ( 1 100 dilution. Vector Lab') was added for 45 
nan at RT. The slides were rinsed well in PBS, developed with chromagen 3.3' 
diamiuobenzidme (Sigma) and lightly stained with hematoxylin. 

10 The results of th:s experiment show that ischemic wounds treated with 

vehicle demonstrated no specific immunohistochernicai staining for human PDGF-BB 
protein at 7 davs. The background staining is elevated in the vehicle treated wour.es 
but is non-specific and likely related to the polyclonal nature of the primary antibody 
In contrast, there was significant and specific staining for human PDGF-BB protein n 

15 the ischemic wounds treated with 10* PFU Ad/PDGF. This staining appears to 
localize to fibroblasts participating in the wound healing response. 

/-/. Localization of Ad-PDGF-8 Infected Cells by In situ Hybridization 

in situ hybridization for AaOPDGF was performed on ischemic wounds 
three days after wounding. Polymerase chain reaction (PCR) was used to generate 

2 0 the biotinylated probes used in this experiment, in brief, the Pstl/EcoRI fragment of 
the PDGF-B gene was used as a template for generating the probe. The PCR 
con di t ions were the same as described for PDGF-B in pan H below, with the 
exception of the dNTP concentrations. The final concentration of dNTP's was 30 a\[ 
:<v- dATP, dGTP. and ACT? with 52 u\l tor dTTP and ZSuM for 

a:: Biotm-i - Z'-deo y. or: .one- ^'-triphosphate < dL'TP. Coehrmger Mammeim; l-ollo-wmg 

P iraffm sections t -ti.:n ) as described above were collected on 
Surerfros: Plus slides incubated for 24 hours at 5^ 1 C Slides were deparatunated b\ 
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<-r:eo t j del o razed water ov er 10 minutes and allowed to air dry completely Slides 
w ere then treated with proteinase K I'lO^g/oiL. Bo eh ringer Mannheim ) fo r 3 0 minutes, 
washed in PBS, and then post- fixed in d% paraformaldehyde 

Sections were covered with hybridization solution containing 
5 '\ot::r. lated ON A probe prepared a^ described above, and 50% formamude Slides 

were heated for 10 minutes at 95 7 C and then incubated overnight in a humid chamber 
at 3 T C to allow hybridization. Four posthybridization washes in IX SSC were 
performed for 15 minutes at 50" C. The slides were then incubated for 30 minutes at 
RT in 0. 1 M Tris-bunered saline (TBS pH 7.4) containing 0.1% bovine serum albumin 

10 ;Siuma) and ■ m\I levamisoie (Sigma) to block non-specific binding. Streptavidim 

alkaline phosphatase conjugate (1:75 dilution, Amersham) was added to me slides foi 
30 minutes at 37° C. Slides were washed v^ith 0 1 M TBS for 20 min at RT. Bound 
streptavidin-alkaiine phosphatase conjugate was detected by incubating the siides a: 
37" C in alkaline phosphatase substrate solution (Gibco/BRL) for 2 hours. Slides 

15 were counter stained in nuclear fast red 1% (Sigma) and then washed with deionized 
water The sections were dehydrated in graded alcohol over 10 minutes and then 
coverslipped. 

Ischemic wounds treated with vehicle resulted in no in situ 
hybridization signal In contrast, ischemic wounds treated with 10* PFU 
2 0 AdCM V-PDGF-B demonstrated significant in situ hybridization. Once again it 
appears that the cells that have a positive in situ signal are fibroblasts that are 
participating in the wound healing response. 

/. Duration of Transgenic Expression by RTPCR and Dose Response of 

. P/-/ 1 / ■< 77NO in Rah, ! \'t r;^rryn! L ?yis 
- For revere trail:-.: trptase : • :u fi r d zuuu: cf)NA '.mis pupared 
:: :ui i :: total cellular :\NA ir-ciat j.: above. lm:vz r he procedure ue >vr:oea rr. 

• -. k . , . ; ~cded :o each 0 b5 mL microcentrifuge tube and nlaeed > n ice A master nv.\ 
was pren:ired and added on ice sue it that toe una! concentration of redeems tor each 
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t G:bco, BRL), 4f) U RN Asm ^Promega), IOC pmoi of random hexamers { Boehringer 
Mannheim). 1 :n.M DTT. fO; deuv.tr: phosphates (Gibco/BRL). 50ir.M KG I. 
;C':n\l Tr;s-Ci (pH 8 5 at 22' C ... 2.5mM MgG12. and C ) i 0 ) gelatin Alter i hour at 
37 1 C the reverse transcriptase reaction was heat inactivated by incubation tor 5 
5 minutes ar. ' M C After i hour at 37 : C the reverse transcriptase reaction was hear 
inactivated by incubation for 5 minutes at 94' C 

Specific primers for human PDGF-B and rabbit B-actin were selected 
based on :he published human PDGF-B cDNA [Collins et al, cued above] am: rabbit 
B-actin cDNA sequences [D Sakai et al, 1995. Bone, JJ:1 1 1-1 1°] The human 

10 PDGF-B primer pair used was upstream primer 5TGGGCGCTCTTCCTGTCTCTC 
[SEQ ID NO: \ ) and downstream primer 5'CTCGGCCCC ATC 1 \LL 1C ICC [SEQ 
ID NO: 2] resulting in a 165 base pair product. The rabbit B-actin primer pair used 
was upstream primer 5-TGGGCAGAAGGACTCGTA [SEQ ID NO 3 J and 
downstream primer 5-CGCAGCTCGTTGTAGAAG [SEQ ID NO: resulting in a 

15 144 base pair product. PGR was performed on aliquots of the first strand cDNA 

prepared above using a modification of previously described methods [G Gilliiand ct 
al, 1990, Proc N a tl Acad Sc i USA, S2:2725-2 7 29 ;. in brief, 5uL of the reverse 
transcriptase reaction was added to each 0 65 mL microcentrifuge tu'ce and placed on 
ice A master mix was prepared and added on ice such :ha: the final concentration of 

20 reagents for each sample was 2.5U Amplitaq Gold DNA polymerase (Perkin Elmer, 
Norwalk, CT). 200 uM ceoxviriphospnates CdNTP's. Pharmacia, Pi^catawav, NJ ). 
50mM KC1, IGmM Tris-Cl (pH8 3 at 22 :> C). \ 5 nu\ I MgCb, 0 0i% gelaum and 
1 - a \\ upstream and downstream printers. The samples were kept on ice until the 
Thermo.:-, -or N<^ Gh :aul kmuted Manchester, United Kmgdomo -a as it " C. 

j.yp ?r~? f^r hama- ^eehU PDGF-B uv. rabbit • -o.:::U 
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PFL" Ad POGF at 5 and " days. SUniticani amounts of human PDGrB were detected 
a; 3 davs m born the ischemic and rion-ischemio wounds By 7 davs, vcr ; ii::!e human. 
PDGF-B mRNA is detected in both ischemic and ncn-iscnemic wounds receiving Li. 
or If/ PFU Ad/PDGF This is consistent with clearance of adenovirus from the. 
5 vvoun.es. There was no significant difference in rabbit J'3-actin controls. 

RT-PCR analysis for human specific PDGF-B and rabbit specific 
6-actin was also performed on :0 :t rabbit ear fibroblasts infected with incrsasinu; PFU 
of AdCMV-PDGF-B No human PDGF-B mRNA was detected in rabbit fibroblasts 
that were not infected with the PDGF-Ei adenovirus or ;n fibroblasts infected with 0 1 
10 PFU Ad/PDGF per cell. It is not until the concentration of 1 PFU Ad/PDGF per ceil 
is used, that human PDGF-B mRN A was detected 1 he plateau production of human 
PDGF-B mRNA occurred between 50 and 1 CO PFL' Ad/PDGF per ceil_ No 
difference in rabbit 13-actin mRNA was detected. 

EXAMPLE 12- RESPONSE OF S KLX TO ADENOVIRUS 
15 The effects of adenovirus on human skin m vivo anc of local adenovirus 

infection on wound healing are currently unknown [E Fenives. 1994, Soc Invest 
Dermatol. , 103 70s-75s; E. Fenjves ei a/, 1994, H uman Gene The:. , 5: 1241-1243, H. 
Veelken et ai, 1994. Human Gene The: , 5:1203-12101. The effect of adenovirus 
infection in human skin in vivo and on wound healing was evaluated using a LacZ 
2 0 reporter gene in the human skin/SCTD mouse chimera model The human skia'SCID 
mouse chimera has been shown to demonstrate a norma! rate and quality of dermal 
and epidermai skin repair [H. Lorenz cuii. 1992. Deyejop_mem, 114:253-259 I 
Juhusz c; oo'.. 1993. Am J _P;i_t!:;..v . LH 14?X-:4*v~; The .mser.ee of a rc rma! R and" 
-•/•' :o::miemcnt .u.ov. < trie SOLD mouse to a^cem human skm \er.cgraf:s wmiou; 
:. ; : -e;cj::on Oooi-i and Cam 4/ 1 9 ( ) ! , /Vmu. JOo___./ noo 1 :n -\ . 0 32: : -35d; Desmte 

iackuvc a full numeral and ceiiular immune response, t e ^o ID mo use m es ;:mum a 

r;. u-,-- .:-t -./ u-,>,j -u-^^ H-T V"'"" 1 ■ ■*,;/ 1 093 • O i; n bmeo ' -I 03 :c.f ? K-C 



/: , Xenograft prcniiratUsn 

I tuman sk'n w as obtained from aborted prv)duc:s of conception 
between 13 and 24 weeks of gestation. Skm was trimmed of subcutaneous fat and 
then cut into circular grafts measuring 15-20 nan in greatest diameter Severe 
5 confined immunodeficiem mice < SClD-C57BLo) between 4-6 weeks of age were 

anesthetized using inhaled Metofane Full-thickness skin grafts were transplanted into 
tuli -thickness size -mate bed wound beds prepared on each f;ank of the SCID mice The 
grafts were surgically secured using b interrupted sutures of 6-0 polypropylene (U.S 
Surgical, Norwaik, CT). Each graft was allowed three to four weeks for stable 
10 engraftment prior to experimental manipulation. 

b Characterization of adenovirus infection of human skin grafts. 

To determine the efficacy and distribution of ad eno virus- mediated gene 
transfer to human skin /// vivo and the subsequent inflammatory response, twenty 
human skin grafts on 10 SCID mice were injected intraderrnally using a 1700 
15 Hamilton gaslight 50 ul syringe and 30 gauge needles ('Hamilton Company, Reno. 
NY) 10 grafts on five SCLD mice were injected with 1 x 10 x pru of Ad/LacZ 
(Example 1) in 50 ul 20 mM HBS at pH 7.8, another 10 grafts received injections of 
vehicle, HBS a: 50 ul, as controls. Confirmation of injection was evidenced by the 
presence of an epidermal wheel. The area of injection was marked with indelible ink. 
2 0 Two days following injection, mice were sacrificed and grafts were harvested and 
processed for histology and immunohistochemistry 

07. r r\ 'ound healing and ade n o vira 1 1 / ife ctu ) > i . 

To determine the effect of adenoviral infection and transgene 
expression on the response of human skin to surgical woun Jmg, ten SCID mice 
2 o. bearing Z o.oiao: skin grafts were surgically wounded u:ong a 2-mm trepmne t Mfltex 

evaluation Each wound mare;:; was injected: miradenuadv with either 1 x 10* pfu of 
A. J \ aoZ in >f» ul HBS ( u - i * ). or "0 ,d of HBS alone in- if ) Approximately 1 ■ ul 



:: laced 0:1 top of the wound bed fwn> i_:r of both M:;;^:rc: f ca am: c mtrol wounds 
w ere harvester arc processed a: time point 5, oft = 1 , 3. 7. 10, .md i 4 da;, pes: 
w-oundmg 

/,'. "/7.\.y;/o process; tig 
5 Skin grafts were dissected tree from surrounding murine tissue and 

bisected p er p e :i d i c u 1 a r t o the long axis of t he g r aft Ma i f o f t h e g r a ft w a s tl x e d 
overnight in l'/'o neutral buffered formaim at ^"C and paraffin embedded for 
histological assessment. The other half of the graft was cryopreser\ ed in 20% sucrose 
overnight at 4 : C Tissue was prepared for immu no histochemistry by freezing in OCT 
10 embedding media (Miles, Elkhart, FN) and then eryosecrioned at 5 urn 

E . Histologic assess;??:??:: 

Replicate serial sections (5 mm) from each of the formalin fixed and 
paraffin embedded wounded grafts were stained by hematoxylin and eosin (H&E), 
Masson's tri chrome slain, and X-gal. The rate cf heaiing of each graft was assessed 

15 histologically by examination of tissue sections. Each wound was evaluated 

histologically for the amount cf inflammation and cellularity present during the early 
phases of wound healing. Wound closure was defined as completed 
re-eritheiialization over a bed jf granulation tissue. At the time of wound closure the 
grafts were assessed for the amount of granulation tissue present and the degree of 

2 0 cellular proliferation. Later comparable time points were anai\zed for the amount of 
provisional matrix deposition and scar formation. 

F. ft -gak;c:osidasc histochemistry 

Crvosections were fixed m 0 5% gluteraldehyd e for 10 mm. followed 
l w rmsimi twice in 1 m\I MgCk/PBS tor 10 minutes each. Slides were then incubated 
d ~_. f x- one door in the dark at j" 7 (' m '--gala j:: sidase mcubatio n solution cmtaming i 
uk< \'gri : . 2 : kd solution 01 PBS a: :\l ~~ k and d-gaki.: . -idase 

' xx -d • • - xx .v : : O-ga'.acv p;- rar.osidc s: d :::xd : ededoox:: f ! 
ma nil Slides w ere tiien washed 5 times in tap wate: . oemxexx jmed xn 
hematoxylin, and mounted far microscopic examination 
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6 0 

( 1. hnnnou 'histochemistry 

I m m i: p. p hi st o c h e m i s : rv was performed op serial ciy ejections (5 urn) bv 
1 ip m u n o p e ro x ; d a s e t e c p r:i q u e ( .-\ u h as z c'/ a I. . 1 9 ° 3 , Y an c j ; al. , 1993) Labeling vv a s 
(Obtained using an avidm-biotin-pei oxidase complex system (Vector Lab, Burlingame, 
5 CA) ap.d j.j'-diammobenzidme (DAB; as a chromagenic substrate. Briefly, tissue 

sections were acetone fixed for 10 minutes at 4 C 'C. then primary antibody ( see below ) 
was placed over each section and incubated in a humidified chamber overnight at 4 ~C 
After thorough rinsing with PBS, bictitiylated species-specific secondary antibodies 
were then applied for 30 min at room temperature .After washing, avidin-biotin- 
10 peroxidase complex was added at a concentration of 1 : 100 for 45 minutes. The slides 
were then rinsed well in PBS and developed with chromagen 3,3'-DAB and 
count erst ained lightly with hematoxylin. Antibodies used were: anti-human CD 3 1 
{PEC AM 1 ) from (Dako Corp.), amihuman CD45 and Mac 3 (Novocastra); 
anti-mouse CD45 and Mac 3 (Pharrningen); anti-human Ki-67 (Coulter Corp.): 
15 additional monoclonal antibody specific for murine PEC AM ('Dr. S. Albeida, 
University of Pennsylvania). 
I Results 

Intradermal injection of 1 x 1 0 s pfj Ad/LacZ in intact human skin 
resulted in widespread gene transfer in proximity to the site of injection as indicated 

2 0 by X-gal staining two days following injection, which was absent in control skin 

xenografts Dermal fibroblasts and end otheiial ceils showed intense B-galactosidase 
activity, whereas suprabasilar keratinocytes show little expression Despite sporadic 
transfection of suprabasilar keratinocytes, gene transfer was largely confined to the 
dermis and appeared to be limited bv the basement membrane Ceil ap.d 

p 5 species-specific intmimpstaimng :v v oaied prjdumman: expression by murme 

There was a significant baseline irdlarnmav-rv cell infiltrate m tne skm 
xenotransplarps prior to farther m inipulatior. The cellular elements were 



6 1 

inflammatory response was noted \vi;h adenoviral infection two davs folic vving 
;n;ecrion Immunostaming for the CL'45 antigen was most pronounce a in those areas 
expressing the greatest concentration of d-ganictos;dase Tae infiltrate was a mixed 
cellular response (CCM5) with a high percentage of mononuclear ceils (MAC -3). 
5 Species-specific immu no staining revealed the infiltrate to be almost exclusively rnurme 
vvitn or.lv rare human tissue macrophages identified There was no detectable 
difference in cellular proliferation between virus and vehicle-treated grafts as indicated 
by the human proliferation marker Ki-67 Proliferation occurred most strongly along 
the basement membrane of the epidermis and in the germinal tissue of hair follicles and 

10 sweat glands in both groups. 

In g r cfts in which a 2 mm exeisional wound waa scaled and then 
injected with Ad/LacZ, 3-galactosidase expression was present two days following 
injection throughout the wounded dermis and at the leading edge of re- 
eniiheiializatic n. At 2 days post wounding and injection, the inflammatory response 

15 consisted of polymorphonuclear and mononuclear cells in both adenovirus and 
buffer-injected wounds There was no detectable difference in the amount of 
inflammation present in ads no virus- treated grafts compared to control -wounded 
grafts 

.All adenovirus- treated and control wounds were closed and healed by 
2 0 7 days post wounding. In gratis which were examined within the first 7 days after 
w ounding, an area jf hyperceilular granulation tissue was observed in the center of 
the wound bed This finding contrasted with adjacent areas outside the wound bed 
which predominant! v demonstrated extracellular matrix proteins. There was no 
histologic difference in trie quality of dermal flbropiasia present in either 
2'^ nder.ovir.is-'reated or control wourios bv seven davs post wounding Each showed a 
:m:dl..r natter:: of extracellular matrix (LlCNf deposition. Also, bo to adenovirus and 
control uoifts reconstituted a norma: mu.tn layere:: enoieooo 

At M davs post wounding, ah adenovirus- treated and control grafts 
showed deposition ;<f the t-xti acelluiar mornx protein cniiag-jn type I :n the wound 



cleft. Tii is effect continued in the forma: :o n i' a scar up to 21 days post w oundmg :n 
both groups. Similar results were soon tor collagen type III 

1 iie results of this example demonstrate that there is no detrimental 
effect of adenoviral infection, on :ne nonr.ai process of wound healing in human skin in 
5 the SCID mouse mode: Normal skin architecture is restored in the presence of 
adenoviral infection equivalent to rum-infected controls. Despite an acute 
inflammatory response after adenovirus injection, no demonstrable difference in the 
heaiing capabilities of wounded skin was observed Adenovirus infection does not 
adversely affect the normal temporal sequence of wound heaiing despite an 

10 exacerbation of the acute inflammatory response The endpoints of tissue repair 

including re epithekakzatiem extracellular matrix deposition, and wound closure were 
established at an equal rate and to an equivalent degree between adenovirus- and 
vehicle-treated wounds Wound closure, as measured by the time to 
re-epithelialization, occurred at 7 days in both experimental groups. Similarly, the 

15 amount of granulation tissue, degree of ceHuiarity and cellular proliferation were the 
same in adenovirus- treated and control wounds The predominant extracellular matrix 
proteins human type I and type III ccilagens were also reconstituted normally in both 
groups. These results suggest that the use of adenovirus as a vector for induction of 
endogenous expression of growth factor would not adversely effect wound healing. 

2 0 A fully immunocompetent animal would be expected to respond m the same 

manner to surgical wounding in the presence of adenovirus infection, given that the 
acute inflammatory response largely directs the process of wound closure. The 
development of a specific humoral or cell -mediated immune response is no: expected 
:o alter the w^urd healing prucess 
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\\ \ lA'Y IS CLAIMED IS 



1 .A method :o: inducing vascular development in mammalian 
tissue ceils comprising administering to a subject a recombinant replication defective 
virus, said virus comprising a selected growth factor gene under operative control of 
regulator.' sentiences winch direct the expression of said gene product 

2 The method according to claim I wherein said virus is :m 

ad en ovirus. 

3 The method according to claim ! wherein said growth factor is 
selected from the group consisting of a vascuiar endothelial growth factor and platelet 
derived growth factor 

4 The method according to claim 3 wherein said factor is 

\'EGF ;:: 

5 The method according to claim 4 wherein said factor is selected 
from the group consisting of PDGF-B and PDGF-A. 

6. The method according to claim 1 wherein sain tissue comprises 

skin ceils 

A method for enhancing the repair of a wound in a mammal 
osrr: ^og l t.ors n- the . fthe wstuui a ::; mmimmt "en' i or :;n Sef, ::: • e 

,o.\ s.u.d .o ; r a gr :acn r gorrj . ;o;.i: r. e > ;'.::> . - o 

• • • i ./ — ■ : ru-:v:s v. in di lire/: t loo /urnv mm of oml gr-wm mem;- in the arma ~T 
mm \\ ounu 
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S A method according to claim 7* wherein said growth r act or is 

selected rron: the uroup consisting ..: f a vascular endothelial growth factor arid platelet 

derived growth factor 

c The method according to claim S wherein said virus is an 

adenovirus 

10. The method according to claim S wherein said growth factor 
stimulates growth of fibroblasts, induces fibroblasts to make a matrix, induces 
anmogenesis and stimulates keratinocyte growth and migration for wound closure 

11 A method for preparing a tissue graft for transplantation 
comprising administering into poorly vascularized tissue a recombinant replication 
defective virus, said virus comprising a selected growth factor gene under operative 
control of regulatory sequences which direct the expression of said growth factor in 
said tissue fragment prior to transplantation. 

12. The method according to claim 1 1 wherein said growth factor 
is selected from the group consisting of a vascular endothelial growth factor and a 
platelet derived growth factor 

13 The method according to claim 1 1 wherein said adenovirus is 
administered into said tissue to be transplanted at a concentration of about 10 pnu/ceii 

::: culture 



The meth-v :icco;~:iirc to chum 1 i where::: su:u~ administration 



6 7 

1 6 The method according to claim 1 1 wherein said tissue is 
.^elected from skin, breast, liver, and cartilage. 



1 7 The method according to claim 1 o wherein said tissue 
comprises fibroblasts. 

IS. A composition comprising a culture of human ceils to be 
transplanted which is infectea with abo.it 1') piu, cell of a recombinant replication 
detective vims, said virus comprising a selected growth factor gene under operative 
control of regulatory sequences which direct the expression of said growth factor in 
said tissue prior to transplantation. 

lv. The composition according to claim IS wherein said virus is an 

adenovirus. 

20. The composition according to claim IS wherein said cells are 

fibroblasts 

21 The composition according to claim IS wherein said selected 
growth factor is selected from vascular endothelial growth factor and platelet derived 
growth factor. 

22. A method of engrafting tissue onto a site of tissue injury in a 
mamma'., -aid method comprising 

or mfectm_ : a culture of human ffm ' :.:.:u: with about "o ■ 
p:u cod of i recur.bmam replication defective cheimvuto, s::id \:r:s cmurnsmg i 
seated growth mcio: gene ur.de: c r^ram. e cut ; :1 o : e_pa.at : ;• sequences w hich 
hheu! the e^ predion of said growth ractor :n saui fibroblasts pror to transpiantauou . 
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- *■: t placing said infected hdomiasts un cr.io said si t ^, a::.: 
(c 1 placing tissue u> bo grafted a: said site o\er said 

inhered fibroblasts 

23 The method according to claim 22 wherein said :;^ue < c * is 
infected with about !•> p fa/ cell of said adenovirus 

24 The method according to claim 22 whereir. said selected 
urewth factor is selected front vascular endothelial growth factor and platelet de river, 
growth factor. 

25. An animai mode: for disease comprising an immunodeficient 
mouse carrving an engrafted mammalian tissue, said tissue infected wi:h about 10 
pfu/ce;I of a recombinant replication defective adenovirus, said virus comprising a 
selected growth, factor gene under operative control of regulator/ sequences which 
direct the expression of said growth factor in said tissue prior to engrartment onto said 
mouse 

2o. The model according to claim 25 wherein said tissue is human 

skin 

2 7 . The model according to claim 25 wherein said growth factor is 
selected from vascular endothelial growth rhetor and platelet derived growth facte r 

en-raaed mammalian tissue, saiu tissue infected voti: about lo pro cel. or a 

; • :r\ .-..or :vu:eauc:: defect:' : •. o 10 said v ; n.:s -omr; ism a a selected growth fact - v 



gene under operative control or* reg u la: or; sequences which direct the expression of 
said growth factor in said tissue c-nor :o engraftmeru onto said mouse, 

(b) contacting said engrafted tissue with a test compound; 

ic) oil serving the effect of said compound on growth of 
fibroblasts and keraunoc.tes and angiogenesis in said engrafted tissue, and 

(d) comparing the effects or' step (c) to the engrafted tissue 
without sard test compound. 

29 The method according to claim 2S wherein said growth factor 
is selected from vascular endothelial growth factor and platelet derived growth factor 

30 The method according to claim 2S wherein said virus is an 

adenovirus 

31. A therapeutic compound useful for the treatment of 
hemangiomas or cancers selected by the method of claim 28. 

3 2. Use of a recombinant replication defective virus comprising a 
selected growth factor gene under operative control of regulatory sequences which 
direct the expression of said gene product in the production of a medicament tor 
inducing vascular development in mammalian tissue ceils 

33 I'se according to claim 3 2 wherein said growth fictor is 
selected from the urouu consisting of a vascular endothelial growth ractor and a 
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3 5 I. 'so according to cianr. 33 wherein, sau selected growth factor 
uene comprises a tandem gene cor.tammg :\vo or more growth factor genes or two or 
more copies of a single growth factor gone 

3o Use ot' a recombinant replication defective virus comprising a 
selected growth factor gene under operative control of regulatory sequences which 
direct the expression of said gene product in the production of a medicament for 
enhancing wound healing and closure in mammalian tissue. 

3 7 Use according to claim 3^ wherein said virus is an adenovirus 

3 8 Use according to claim 36 wherein said growth factor is 
selected from the group consisting of a vascular endothelial growth factor and a 
platelet derived growth factor. 

39 Use accordinu to claim 36 wherein said tissue is skin. 
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TAKES HIT A S. et a!. Gene transfer of naked DNA encoding for 
three isoforms of vascular endothelial growth factor stimulates 
collateral development in vivo. Laboratory Investigation. October 
1996. Vol. 75. No. 4. pages 487-501, see entire document. 



1-39 



i 




7 11 :T her doc 'J m e:i L; jre listed \n the c ;r, tin u a a; 


11 of Box C. 


| | See patent family anne^ 








r* later dociunent pwb. .3 li e.l O'.cr 'ho mUimiitional r,i,;'at in'B ->r pr:onty 
tiatd anil not in oonllict will 'ho i p p u f ;it lun bet cn*,i to ■ tr<; enraji.l 
tho pr i .ir if'rv 'iii.irr . v • t 4 invention 


















' .ii-L-nrv * : C :a:.on 

i 


■j: Jl.c 1 - men I, with :n ^ ic at: en , w:icre appropriate, c 


"the rcievtir.t p.issa^es 




R o c \ :iri t ^ 


i ciai;n No 



Y 



KARRIS A.L. et ai. Gene therapy through signal Transduction 
pain ways and angiogenic growth factors as therapeutic targets :n 
breast cancer. Cancer. 01 August 1994. Vol. 74. No. 3 Suppl. 
oaues 1321-1025. 



ML'KLHAUSER J. et al. VEGFI65 expressed by a replication- 
deficient recombinant adenovirus vector induces angiogenesis in 
vivo. Circulation Research. December 1995. Vol. 77. No. 6. pages 
1077-10S6, see entire document. 

PEAULT B. et aJ. Gene transfer to human fetal pulmonary tissue 
developed in immunodeficient SCID mice. Human Gene Therapy. 
September 1994 Vol S No. 9. pages 1 13 1-1 137, see entire 
document. 

ALLEN-HOFFMANN B.L. et al. Fibronectin levels are enhanced 
in human fibroblasts overexpressing the c-sis protoencogene. 
Journal of Biological Chemistry*. 25 March 1990. Vol. 265. No. 9. 
pages 5219-5222, see entire document. 

BYWATER M. et al. Expression of recombinant platelet derived j 

growth factor A- and B-chain homcdimers in rat-1 cells and human ; 

fibroblasts reveals differences in protein processing and autocrine ' 

effects. Molecular and Cellular Biology. July 193S. Vol. 8. No. 7. j 

pages 2753-2752, see entire document. j 



SOBALLE P.W. et al., Carcinogenesis in human skin grafted to 
SCID mice. Cancer Research. 15 February 1996. Vol 56. No. 4 
pages 757-764, see entire document. 
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I Database . 'A V S" . McJhnc. C.v. ;:u: sis, base 
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! Group I. „;u;ro v sj 1 -o and 32-3 5, drawn to methods of inducing va.se a iar development ~smg recoin h ; a ant vi rases. 
! Group II. eluonfs,) 7-'. 0 and 36-3V), drawn to methods of enhancu 1 .^ wound repair using recom Dinar: I viruses. 
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